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PROFESSOR BAZIL PÂRV AT HIS SIXTIES
SIMONA MOTOGNA

The head of the Department of Computer Science, Prof. Ph.D. Bazil
Pârv, is one of the most acknowledged personalities in Computer Science from
Romania.
Professor Bazil Pârv was born on 27th of September, in Petreştii de Jos,
Cluj county. He graduated Computer Science program at Babeş-Bolyai University, Faculty of Mathematics and Computer Science in 1976, and in 1977
the master program in Specialized Languages, at the same faculty. After
graduation, he worked in the industry as a programmer, from 1977 to 1979 at
Computer Center of the Jiu Valley Coal Mining Combinate, Petroşani, Hunedoara, and from 1979 to 1990 at the Computer Center of the Babeş-Bolyai
University.
In 1990 he obtained the Ph.D. title under the supervision of prof. Pal
Arpad, with the thesis Averaging method with applications to celestial mechanics. His career has evolved constantly and the contributions of professor
Pârv work have influenced the academic and research life of our university.
1. Contributions to the research domain
Over the years, his research interests have been: Celestial Mechanics, Symbolic Computation, Mathematical Modelling with applications to Chemistry,
Agriculture and Civil Engineering, Software Engineering, Component-based
Programming. A synthesis of his scientific publications includes:
• 9 books and university manuals, including two book chapters published
in international editions;
• 23 papers in ISI journals;
• 11 papers in ISI proceedings;
• 21 papers in other international and national journals;
• 21 participations in international and national conferences.
The main research contributions of professor Pârv are:
• the design and implementation of a Poisson symbolic processor with
application to Celestial Mechanics
Received by the editors: December 1, 2013.
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• algorithms and software systems for molecular topology. This contribution has lead to a very successfull collaboration with the reasearch
group of prof. Diudea (Faculty of Chemistry), several high- quality
papers, and over 200 citations.
• ComDeValCo: a conceptual framework for Component Definition, Validation and Composition, designed for defining executable models that
could be turn in software components.
As a confirmation of the importance of his research ideas, the work of
professor Pârv has been frequently cited in the specialty literature.
2. Didactical activity of professor Pârv
Professor Bazil Pârv has been a member of the Department of Computer
Science from 1990. He stepped through all the didactical positions starting
from lecturer. In 1998 he received the title of full professor and since 2005
he became Ph.D. supervisor. His vision of Computer Science has definitely
influenced the development of our department. He had introduced several
new courses in the direction of Software Engineering and Component Based
Programming. Over the years he taught 13 courses in our department, had
introduced the master programme in Component Based Programming, had
contributed to the introduction of master programme in Software Engineering,
and also taught two courses as visiting professor at Wayne State University.
In 2008 professor Bazil Pârv was elected head of the Chair of Programming
Languages and Methods, and since 2012 he is the head of Computer Science
Department, being actively involved in the development of academic programs
offered by Computer Science Department.
3. Contribution to the academic community
Over the years, professor Pârv has been a constant contributor to the
academic development of our university. He had developed 12 administrative software applications for accounting, management of department staff,
salaries, admission to university and several applications for student management. These applications had served as a model for develping an overall
academic management system.
He is also a very active personality in the academic research community.
He has been part of 32 research grants, being principal investigator in 13 of
them, and from last year he is member in an international grant with EU
financial support. Due to his recognition, he has been member of over 50 PhD
and Habilitation committees, and he is the vice-president of the Computer Science Board of CNATDCU (National Council for Certification of Universitary
Titles, Diplomas and Certificates).
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Professor Pârv is a member of many scientific and professional organizations, of the Scientific Committees of several conferences and reviewer for several high quality journals. He is the chair of the track Knowledge in Software
Engineering, at Knowledge Engineering: Principles and Techniques Conference, organized by the Department of Computer Science since 2007.
We wish professor Pârv a long life, health, hapiness and a lot of achivements, beside his family, for the benefit of our faculty, all his students, collegues, and collaborators.
4. Selected list of publications
A short list of most valuable publications of Professor Pârv:
Books and book chapters published in international editions:
(1) Motogna Simona-Claudia, Lazar Ioan, Pârv Bazil, chapter, An MDA
Approach for Developing Executable UML Components , Model-Driven
Domain Analysis and Software Development: Architectures and Functions, IGI Global, Hershey, PA 17033, USA, Editor: J.Osis, E. Asnina,
2011, P. 254-273
(2) Stefu M, Diudea Vasile-Mircea, Jantschi Lorentz, Pârv Bazil, chapter, Algorithms for basic operations on maps, Nanostructures-Novel
Architecture, NOVA, New York, Editor: M.V.Diudea, 2005, P. 243267
Books and university courses published in Roumanian editions:
(1) Pârv Bazil - Dezvoltarea rapidă a aplicaţiilor cu Visual Basic, ISBN
973-9417-02-7, Editura Gil, Zalău, 2003, 552p.
(2) Pârv Bazil - Analiza şi proiectarea sistemelor, Universitatea BabeşBolyai, Centrul de Formare Continuă şi Invăţământ la Distanţă, Facultatea de Matematică şi Informatică, Cluj-Napoca, ed. I-a, 2001, 200p,
ed. a II-a, 2002, 202p, ed. a III-a, 2003, 202p.
(3) Pârv Bazil, A.I. Vancea - Fundamentele limbajelor de programare,
ISBN 973-9215-25-4, Editura Microinformatica, Cluj-Napoca, 1996,
321p.
(4) F.M. Boian, V. Cioban, M. Frentiu, S. Groze, E. Iacob, S. Iurian, Z.
Kasa, S. Motogna, Pârv Bazil, H.F. Pop, V. Prejmerean, J. Robu, T.
Toadere Programare Pascal; programe ilustrative, probleme propuse
pentru elevi şi studenţi ISBN 973-96862-1-4, Editura Promedia-Plus,
Cluj-Napoca, 1995, 228p.
(5) M. Frenţiu, Pârv Bazil - Elaborarea programelor. Metode şi tehnici
moderne ISBN 973-96114-9-4, Editura ProMedia, Cluj-Napoca, 1994,
220p.
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(6) Pârv Bazil, A.I. Vancea - Fundamentele limbajelor de programare,
Lito Univ. Babeş-Bolyai Cluj-Napoca, 1992, Vol 1,2, 426p.
(7) F.M. Boian, V. Cioban, M. Frenţiu, S. Groze. E. Iacob, S. Iurian, Z.
Kasa, S. Motogna, Pârv Bazil, H.F. Pop, V. Prejmerean, J. Robu,
T. Toadere Culegere de probleme pentru lucrările de laborator, Lito
Univ. Babeş-Bolyai Cluj-Napoca, 1992, 180p.
Papers in ISI journals:
(1) Pârv Bazil, Joldes Iulian Flaviu, Parpucea Ilie, Lupse V., PyBNEq
- A Tool for Computing Bayes-Nash Equilibria, INTERNATIONAL
JOURNAL OF COMPUTERS COMMUNICATIONS AND CONTROL,
Vol. 8, No. 4 , 2013, P.571–577
(2) Pârv Bazil, Parpucea Ilie, Socaciu Tiberiu, Modeling Uncertainty in
a Decision Problem by Externalizing Information, INTERNATIONAL
JOURNAL OF COMPUTERS COMMUNICATIONS AND CONTROL,
6, 2, 2011, P.328–336
(3) Lazar Ioan, Lazar Codrut Lucian, Pârv Bazil, Motogna SimonaClaudia, Czibula Istvan-Gergely, Tool Support for fUML Models, IJCCC,
Vol. 5 (No. 5), 2010, P.775–782
(4) Pârv Bazil, Diudea Vasile-Mircea, Vizitiu Aniela Elena, Stefu Monica, Tubercular fulleroides, JOURNAL OF MATHEMATICAL CHEMISTRY, 45, 2009, P.513–524
(5) Pârv Bazil, The Architecture of Software Systems for Molecular
Topology, MATCH-COMMUNICATIONS IN MATHEMATICAL AND
IN COMPUTER CHEMISTRY, 60, No. 3, 2008, P.869–882
(6) Pârv Bazil, Lazar Ioan, Motogna Simona, ComDeValCo Framework The Modeling Language for Procedural Paradigm, INTERNATIONAL
JOURNAL OF COMPUTERS COMMUNICATIONS CONTROL, III,
no. 2, 2008, P.183–195
(7) Czibula Istvan-Gergely, Lazar Codrut Lucian, Lazar Ioan, Motogna Simona, Pârv Bazil, ComDeValCo Development Tools for Procedural
Paradigm, INTERNATIONAL JOURNAL OF COMPUTERS COMMUNICATIONS AND CONTROL, III, 2008, P.243–247
(8) Ursu Oleg, Pârv Bazil, Diudea Vasile-Mircea, Costescu Adina Mariana, QSAR Modeling of Antifungal Activity of Some Heterocyclic
Compounds, CROATICA CHEMICA ACTA, 79, no. 3, 2006, P.483–
488
(9) Pârv Bazil, Motogna Simona-Claudia, Petrascu Dragos, COMODI:
Auto-mata-Based Compositional Analysis of Component Systems. Design and Implementation Issues, CARPATHIAN JOURNAL OF MATHEMATICS, XX, no. 2, 2004, P.197–203
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(10) Ursu Oleg, Pârv Bazil, Diudea Vasile-Mircea, Costescu Adina Mariana, QSARs of some Novel Isosteric Heterocyclic with Antifungal Activity, CARPATHIAN JOURNAL OF MATHEMATICS, XX, no. 2,
2004, P.267–274
(11) Pârv Bazil, Diudea Vasile-Mircea, Stefu Monica, John P. E., Wiener
Index of Armchair Polyhex Nanotubes, CROATICA CHEMICA ACTA,
77, no. 1-2, 2004, P.111–115
(12) Pârv Bazil, Diudea Vasile-Mircea, Azulenic Tori, MATCH-COMMUNICATIONS IN MATHEMATICAL AND IN COMPUTER CHEMISTRY,
47, 2003, P.53–70
(13) Diudea Vasile-Mircea, Pârv Bazil, John P. E., John P. E., Ursu Oleg,
Graovac A., Distance counting in tori, MATCH-COMMUNICATIONS
IN MATHEMATICAL AND IN COMPUTER CHEMISTRY, 49, 2003,
P.23–36
(14) Pârv Bazil, Diudea Vasile-Mircea, Silaghi-Dumitrescu Ioan, Toranes
versus Torenes, MATCH-COMMUNICATIONS IN MATHEMATICAL
AND IN COMPUTER CHEMISTRY, 44, 2001, P.117–133
(15) Pârv Bazil, Diudea Vasile-Mircea, Gutman Ivan, Detour-Cluj Matrix
and Derived Invariants, JOURNAL OF CHEMICAL INFORMATION
AND MODELING, 37, 1997, P.1101–1108
(16) Diudea Vasile-Mircea, Pârv Bazil, Delta Number, Dde, of Dendrimers,
CROATICA CHEMICA ACTA, 70, 1997, P.509–517
(17) Diudea Vasile-Mircea, Pârv Bazil, Topan M.I., Derived Szeged and
Cluj Indices, JOURNAL OF THE SERBIAN CHEMICAL SOCIETY,
62, 1997, P.267–276
(18) Pârv Bazil, Diudea Vasile-Mircea, Molecular Topology 25. HyperWiener Index of Dendrimers, JOURNAL OF CHEMICAL INFORMATION AND MODELING, 35, 1995, P.1015–1018
(19) Katona Gabriel, Diudea Vasile-Mircea, Pârv Bazil, Minailiuc Ovidiu,
Wiener and Hyper-Wiener Indices in Spiro-Graphs, RUSSIAN CHEMICAL BULLETIN, 44, 1995, P.1606–1611
(20) Diudea Vasile-Mircea, Horvath Daniela, Minailiuc Ovidiu, Pârv Bazil,
Centricities in Molecular Graphs. The MOLCEN Algorithm, JOURNAL OF MATHEMATICAL CHEMISTRY, 11 , 1992, P.259–270
(21) Diudea Vasile-Mircea, Parv Bazil, A New Centric Connectivity Index
(CCI), MATCH-COMMUNICATIONS IN MATHEMATICAL AND
IN COMPUTER CHEMISTRY, 23, 1988, P.65–87
ISI Proceedings of International Conferences:
(1) Zur Bargury Iris, Pârv Bazil, Lanzberg Dvir, A nationwide exam as a
tool for improving a new curriculum, ITICSE 2013 ACM Conference on
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(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Innovation and Technology in Computer Science Education, 1, ACM,
2013, P. 267–272
Lazar Ioan, Motogna Simona-Claudia, Pârv Bazil, Realizing Use
Cases for Full Code Generation in the Context of fUML, Model-Driven
Architecture and Modeling Theory-Driven Development - MDA-MTDD
2010, MDA and MTDD 2010 Athens, Springer, 2010, P. 80–89
Lazar Ioan, Motogna Simona-Claudia, Pârv Bazil, Behaviour-Driven
Development of Foundational UML Components, FESCA 2010, Electronic Notes in Theoretical Computer Science (ENTCS), Volume 264
Issue 1, August, 2010, Elsevier Science Publishers, P. 91–105
Pârv Bazil, Lazar Ioan, Motogna Simona-Claudia, Czibula IstvanGergely, Lazar Codrut Lucian, COMDEVALCO Framework - Procedural and Modular Issues, 2nd International Conference Knowledge
Engineering: Principles and Techniques (KEPT 09), Cluj University
Press, Editor: M. Frentiu, H.F. Pop, 2009, P. 213–222
Motogna Simona-Claudia, Lazar Ioan, Pârv Bazil, Czibula IstvanGergely, An Agile MDA Approach for Service-Oriented Components,
Sixth International Workshop on Formal Engineering approches to
Software Components and Architectures (FESCA 2009) Elsevier, Editor: J.Happe, B. Zimmerova, 2009, P. 95–110
Lazar Ioan, Motogna Simona-Claudia, Pârv Bazil, Czibula IstvanGergely, Lazar Codrut Lucian, Rapid prototyping of service-oriented
applications on OSGi platform, 4th Balkan Conference in Informatics,
2009, Thessaloniki, Greece, IEEE Computer Society, 2009, P. 217–222
Lazar Ioan, Lazar Codrut Lucian, Pârv Bazil, Motogna SimonaClaudia, Czibula Istvan-Gergely, Using a fUML Action Language to
construct UML models, 11th International Symposium on Symbolic
and Numeric Algorithms for Scientific Computing, Timisoara, Romania, 2009, SYNASC 2009, IEEE Computer Society, 2009, P. 93–101
Lazar Ioan, Motogna Simona-Claudia, Pârv Bazil, Rapid Prototyping of Conversational Web Flows, The Second International Conference Knowledge Engineering: Principles and Techniques (KEPT 09),
Studia Universitatis Babes-Bolyai, Informatica, LIV, Studia UBB, Informatica Special Issue, 2009, P. 223–230
Lazar Ioan, Pârv Bazil, Motogna Simona-Claudia, Lazar Codrut
Lucian, An Agile MDA Approach For The Development Of ServiceOriented Component-Based Applications, International Conference on
Complexity and Intelligence of the Artificial and Natural Complex
Systems, Complexity in Artificial and Natural Systems, Proceedings,
Editura Universitatii Petru Maior Targu-Mures, Editor: Iantovics B;
Enachescu C; Filip F, 2008, P. 37–46
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(10) Lazar Ioan, Pârv Bazil, Motogna Simona-Claudia, Czibula IstvanGergely, Lazar Codrut Lucian, iComponent: A Platform-independent
Component Model for Dynamic Execution Environment, 10th International Symposium on Symbolic and Numeric Algorithms for Scientific
Computing, SYNASC 2008, IEEE Computer Society, Editor: Bruno
Buchberger, 2008, P. 257–264
(11) Lazar Zsolt-Iosif, Vescan Andreea, Petrascu Dragos, Petrascu Vladiela,
Parv Bazil, COMODI: On the Graphical User Interface, 7th International Symposium on Symbolic and Numeric Algorithms for Scientific
Computing (SYNASC05), SYNASC 2005 7th International Symposium on Symbolic and Numeric Algorithms for Scientific Computing,
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SOME ASPECTS ABOUT TOPOS THEORY AND TREE
AUTOMATA
WILLIAM STEINGARTNER
Abstract. Category theory provides possibilities to model many important features of computer science. Toposes as specific categories enable
to model theories over types. Another means used in computer science
for term calculus are tree automata that enable evaluation of well-formed
terms in this calculus. Our paper presents how the theory of algebraic
structures, namely group theory, can be represented in a topos. We also
specify its correspondence with tree automata enclosed in the category of
sets as a mapping.

1. Introduction
Computer systems are playing crucial rôles in every aspect of human activities. The main idea of computer program for solving scientific problems
is to formulate the instructions designed to carry on required computations
and to generate the expected behavior [15]. To solve large scientific problems
by mathematical machines we always start with with the formulation of their
theoretical foundations. We need to formalize these theoretical foundations
as logical reasoning of various mathematical theories because the programs
should really prove the correctness of their results [6, 20]. A program consists
of data structures and algorithm. Data structures always have some types.
These types can frequently be very complex structures as algebraic structures,
vector spaces, etc. [9, 11], and also in databases [3]. In such cases set theory does not suffice our needs to describe and represent them. Mathematics
provides a useful discipline, category theory that enables us to work with the
structures of arbitrary complexity and describe their properties and relations
between them [21]. Using of category theory in computer science has extremely
grown in the last decade [8]. Categorical methods are already well-established
for the semantic foundation of type theory, data type specification frameworks
Received by the editors: April 7, 2013.
2010 Mathematics Subject Classification. 18B25, 20J99.
1998 CR Categories and Descriptors. G.2.2 [Discrete mathematics]: Graph theory –
Trees; F.1.1 [Computation by abstract devices]: Models of Computation – Automata.
Key words and phrases. Group theory, topos, tree automata, term evaluation.
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and graph transformation [8]. Categories are structures which enable to work
with objects of arbitrary complexity. Fundamentals of category theory are the
relations between objects [5]. These relations are expressed by morphisms.
In many applications of category theory, morphisms usually correspond to
computations, proofs, operations, etc. It depends on what we are modeling
with categories. Very useful kind of categories are toposes [2] that enable to
model theories. Toposes are special kind of categories defined by axioms saying roughly that certain constructions one can make with sets can be done in
a category. Toposes are important also in theoretical informatics for modeling
computations [5, 14, 17]. In our paper we deal with the algebraic structures,
namely groups and we show how can be group theory represented in topos.
Automata provide useful means for recognizing languages, but they are very
important in other branches [10]. In our approach we give to input symbols
of sequential and tree automata some additional information, the types of
input symbols and we extend automata to typed sequential and tree automata.
Typed sequential automata can be used for type-checking of terms in typed
term calculus over a type theory of a given solved problem [13]. On the other
hand, typed tree automata enable evaluation of well-formed terms in this
calculus. We have shown how typed automata can be depicted in the category
Set of sets and functions [12]. In this paper we define the relation between
typed tree automata and groups modeled by categories as a mapping from a
topos to the category Set.
Groups are very known algebraic structures that are often used in computer science. They are defined as triples (G, , u), where:
• G is the universum set, and
•
is multiplicative operation, which is associative.
Multiplicative operation has a neutral element u so that
∀x ∈ G. x

u=u

x = x.

To each element of the universum set G has to be defined an inverse element
over the multiplicative operation with the property:
∀x ∈ G. ∃x−1 ∈ G. x

x−1 = u.

Groups can be represented in categories by several ways. The most obvious
way is to construct the category of groups Grp, where category objects are
groups and category morphisms are group homomorphisms. It is category,
because homomorphisms are composable and each object has identity category morphism (identity homomorphism). We prefer another possibility - a
representation of groups in a topos, because we would like to represent not
only structures, groups, and homomorphisms between them, but the whole
theory with the axioms.
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Firstly, we shortly describe the group theory and in the next section we express
it in a topos. We present the notion of logical theory which was introduced in
[2]. The logical theory is a triple T = (X, c, α), where
• X denotes the basic type;
• c is the list of basic constants;
• α is the list of sentences - the axioms.
The group theory is a triple (G, [u, m, i] , α), where
• G is the basic type;
• u, m, i are constants of intended types G, GG×G , GG respectively;
• α is the list of axioms significant for groups.
A type GG represents the function space G → G and a type GG×G the function
space G×G → G. To ensure the constants u, m, i to have the proper types, we
must start with the constant (u, m, i) of the type G×P(G×G×G)×P(G×G),
where P denotes powerset. We formulate the appropriate axioms.
For groups we have usual axioms for associativity, neutral element and inverse
element. The axiom for associativity (here denoted α1 ) is
(1)

α1 ≡ ∀x, y, z ∈ G. m(x, m(y, z)) = m(m(x, y), z),

where m ∈ GG×G is binary operation on G, m : G × G → G.
The axiom of neutral element (α2 ) says that there exists an element u ∈ G
(also expressed as a constant or nullary operation on G, u :→ G) such that
(2)

α2 ≡ ∀x ∈ G. m(x, u) = x ∧ m(u, x) = x.

The last one is the axiom of inverse element (α3 ). For each x in G there exists
an element i(x) (or x−1 , also known as unary operation on G, i : G → G;) in
G where i ∈ GG , such that
(3)

α3 ≡ ∀x ∈ G. m(x, i(x)) = u ∧ m(i(x), x) = u,

where u is a neutral element (also known as identity element).
Now we are able to form new axiom,
(4)

α4 ≡ (u, m, i) ∈ G × GG×G × GG ,

expressing the properties of constants and include it into axiom α. Thus α
consists of the conjunction of previous axioms of associativity, neutral and
inverse element and of constants u, m and i; and it is the conjunction of those
four sentences,
α = α1 ∧ α2 ∧ α3 ∧ α4 .
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2. Semantics
For the reader’s convenience and to fix the notation we begin by recalling
some facts about categories and about toposes as special categories that serve
for our purposes. A category C consists of two classes:
• the class of objects A, B, . . .;
• the class of arrows (or morphisms) denoted f, g, . . .
For an arrow f : A → B the objects A and B are the domain and codomain,
respectively. A homset Hom(A, B) is the set of all arrows with domain A and
codomain B in C. The arrows f : A → B and g : B → C are composable,
their composition f ◦ g = f g : A → C is associative in C and each object A has
identity arrow idA : A → A. We say that a category C has a terminal object
1 (initial object 0) if for every category object A there exists unique arrow
A → 1 (0 → A). A monomorphism at Fig. 1 (also called a monic morphism
or a mono) is a morphism denoted f : A  B such that
g1 ◦ f = g2 ◦ f
for all morphisms g1 , g2 : X → A.

X

g1 - Ag2

f

- B

Figure 1. Monomorphism f
A monomorphism in a category generalizes the concept of injection in set
theory.
2.1. Toposes. A topos is a special category E satisfying the following conditions [4, 14]:
(1) E has a terminal object 1, and for every corner of morphisms X →
Z ← Y in E there is a pullback P (fibred product) at Fig. 2.
(2) E has a subobject classifier : an object (traditionally denoted) Ω with
a monomorphism true : 1  Ω such that for any monomorphism
m : M  X in E there is an unique morphism χm : X → Ω such that
the following diagram is a pullback (Fig. 3).
The morphism χm : X → Ω is called characteristic (or classifying)
morphism of the monomorphism m : M  X.
(3) E has power objects: for each object X in E, there exists an object ΩX
and a morphism evalX : X × ΩX → Ω with the universal property:
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P

- Y

?
- Z

?

X

Figure 2. Fibred product
- 1
?

M
?

m

true
?

?
- Ω

X
χm

Figure 3. Subobject classifier
for any morphism f : X × Y → Ω in E there is an unique morphism
λf : Y → ΩX such that the diagram at Fig. 4 commutes.
X × ΩX

evalX -

idX × λf

Ω

-

6

f

X ×Y
Figure 4. Truth valuation of the object

2.2. Models. Every topos has its own ”internal language”, also called the
Mitchell-Bénabou language [2]. We make use of this language to define the
notion of a model of a theory in topos. Let T = (X, c, α) be a fixed theory
with just one basic type X, one basic constant C and one axiom α, and let
E be a topos. The language of theory T we denote L [X, c]. We begin by
interpreting the language L [X, c] in the topos E. Firstly, given any object E
in E, we associate to each type symbol X of L [X, c] an object XE of E, its
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interpretation with respect to E, by setting [2]:
XE
PE
(P Y )E

Y ×Y0 E

7−→ E
7−→ Ω
7−→ ΩYE
7−→ YE × YE0

where Ω is the subobject classifier of the topos E. Now let C be the type of
the constant c, and let
e : 1 → CE
be any morphism of topos E with the indicated domain and codomain. Let
τ be a term in language L [X, c], with type U and free variable type V . The
interpretation of τ with respect to the pair (E, e) is a morphism
τ(E,e) : VE → UE
of the topos E, defined by induction with rules which can be found in [2].
A model M of the theory T in E consists of an object XM and a suitable
morphism cM in E, satisfying the axiom α. In other words, a model of the
theory T = (X, c, α) in the topos E is a pair (E, e) such that
α(E,e) = true : 1 → Ω.
If M = (E, e) is such a T -model, let ZM =def ZE for each type symbol Z in
L [T ]; so in particular M = (XM , cM ).
It is clear that if T 0 = (X, c, [α1 , . . . , αk ]) is a theory with more than one
axiom then we can construct a conjunction α = α1 ∧ . . . ∧ αk as a single axiom
of T 0 and consider the theory T = (X, c, α) instead of T 0 . We can simply
define a model of T 0 to be a model of T in the sense of preceding definition,
because the difference between the two theories is very slight. Similarly, a
theory T 0 = (X, (c1 , . . . , cm ), α) with several basic constants can be brought
into the desired form T = (X, c, α) by putting c = (c1 , . . . , cm ) as m-tuple.
Again, the difference between the two theories may not seem to warrant a
separate definition of a model of a theory with several basic constants and the
resulting distinction between T 0 -models and T -models.
2.3. Group theory. The theory of groups has the language (G, [u, m, i]),
where the constants u, m, i have types G, GG×G , GG respectively, and axiom α
is the conjunction of the usual group axioms. A model M = (GM , [uM , mM , iM ])
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of this theory in topos E thus consists of an object E = GM of E with morphisms
uM : 1 → E,
mM : 1 → E E×E
iM : 1 → E E
in E. The latter two correspond by transposition to unique morphisms:
µ : E × E → E,
ι : E → E.
Since M is a model, αM = true : 1 → Ω in E. This condition is easily seen to
be equivalent to the statement that Figure 5 imagines a group in a topos E.
E×E

µ

- E
6

ι

- E

uM
1
Figure 5. Group in a topos
More explicitly, the sentence α, recall, is a conjunction α1 ∧ α2 ∧ α3 ∧ α4 . So
clearly αM = true just if each (αi )M = true (for i = 1, 2, 3, 4). Let us show by
way of example that for, say, α1 the associativity axiom
∀x, y, z ∈ G. m(x, m(y, z)) = m(m(x, y), z),
(α1 )M = true just if µ : E × E → E is associative.
From the definition of the interpretation of terms, one easily sees that
(α1 )M =
(5)

(∀x, y, z ∈ G. m(x, m(y, z)) = m(m(x, y), z))M
=
∀G×G×G . (m(x, m(y, z)) = m(m(x, y), z))M
=
∀G×G×G .δG hµ(idG × µ), µ(µ × idG )i

where ∀G×G×G is a quantification over types known from higher-order logic [2].
Now µ(idG × µ) and µ(µ × idG ) are the two paths round the familiar associativity diagram at Fig. 6.
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G×G

idG × µ

µ
?

G×G

µ

?
- G

Figure 6. The associativity in topos
But this diagram commutes, i.e. µ is associative, just if
δG hµ(idG × µ), µ(µ × idG )i =
trueG×G×G : G × G × G → Ω,
that implies
∀G×G×G hµ(idG × µ), µ(µ × idG )i = true : 1 → Ω,
hence, by (5)
(α1 )M = true : 1 → Ω.
Analogously we can prove the remaining group axioms. Then we can say that
group theory (G, [u, m, i]) can be represented in a topos E, which objects are
types and morphisms are mappings between types.
3. Trees and Tree automata
In this section we briefly introduce basic notions about trees and tree
automata working with trees.
3.1. Trees. In computer science, a tree is a widely-used data structure that
emulates a tree structure with a set of linked nodes. It is a special case of
a acyclic directed graph. Each node has zero or more child nodes, which are
below it in the tree (by convention, trees grow down). A node that has a
child is called the child’s parent node (or ancestor node, or superior). Every
node has at most one parent. We denote by N the set of positive integers.
We denote the set of finite strings over N by N∗ . The empty string is denoted
by ε. A ranked alphabet is a couple Σ = (F, Arity), where F is a finite set
of function symbols and Arity is a mapping from F into N. The arity of a
symbol σ ∈ F is Arity(σ). The set of symbols of arity p is denoted by Fp .
Elements of arity 0, 1, . . . , p are respectively called constants, unary, . . ., p-ary
symbols, respectively. We assume that F contains at least one constant.
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Let X be the set of variables. We assume that sets X and F0 are disjoint.
The set T (F, X) of terms over ranked alphabet Σ with variables from X is the
smallest set satisfying the following requirements:
• F0 ⊆ T (F, X) and
• X ⊆ T (F, X) and
• if p ≥ 1, σ ∈ Fp and t1 , . . . , tp ∈ T (F, X), then σ (t1 , . . . , tp ) ∈ T (F, X).
3.2. Tree automata. Tree automata are devices which treat the labeled trees
analogously as sequential automata handle sequences (words) of input symbols. The internal structure of a sequential automaton is an unary algebra;
for a tree automaton it is an algebra of an arbitrary type [1]. As finitary type
we usually take a ranked alphabet: the finitary set of operations and the arity
map. A Σ-tree automaton is a sixtuple A = (Q, {δσ }σ∈Σ , Γ, γ, I, λ) where:
• Q is set of states;
• δσ : Qn → Q are operations Q;
• Γ is an output alphabet; γ : Q → Γ is an output map; I is set of
variables; λ : I → Q is an initialization function.
The external behavior of the automaton A is expressed by the map β assigning
to each tree t the value β(t) from Γ which returns after the computation of t.
Example 1. Assume a set Z4 = {0, 1, 2, 3} and two operations: constant
τ = 1 and operation
= multiplication modulo 4. Let Σ : F = F0 ∪ F2 ,
where F0 = {1} and F2 = { } and let (Z4 , ) be the multiplicative Σ-algebra
of integers. Put Γ = {0, 1}, and let γ be the parity map:

0 if z is odd;
γ(z) =
1 if z is even.
Then we can construct a Σ-tree automaton A = (Z4 , {1, } , Γ, γ, {x, y} , λ)
with the initial assignment λ (x) = 3 and λ (y) = 2. The ”action” of this
automaton consists of taking any binary tree with leaves x and y, computing
the tree and giving an output [1, 7]. For example, the tree at Fig. 7 has the
computational sequence depicted at Fig. 8.
We used operation for multiplication modulo 4. The result of computation
of the tree is 2, resulting output is γ(2) = 1.
t
u
3.3. Tree automata in category. The category Set of sets has sets as objects
and functions between sets as morphisms. Now we represent Σ-tree automata
in Set. Assume, for simplicity, that Σ has just one binary operation. Then a
Σ-tree automaton is a diagram in Fig. 9 [1].
The sets Q, I, Γ and Qn (where n is arity) are objects, and functions δ, λ, γ
are morphisms in category Set. So category of sets is able to represent any
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Figure 7. Example of tree

Figure 8. Computational sequence of the tree
I
λ
Qn

{δ} - ?
Q

γ

- Γ

Figure 9. The diagram of Σ-tree automaton in a category of sets

tree automata. Our goal is to assign to any tree automaton the group over
which is automaton able to make computations with trees. We will construct
this assignment as a mapping.
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4. Relation between tree automata and groups
Our goal is to express the relation between tree automata and mathematical structures - groups. Model M of logical theory from chapter 3.3 maps an
universum set G into object GM of topos E. This object we can denote also
E, i.e. GM = E. Objects of our topos E are images of universum sets. As
objects we have products of objects (E × E, because topos is cartesian closed
category [4]), and special objects 1 and Ω (traditionally). Let morphisms of
our topos E represent the operations over universum sets, i.e. they are images
of operations. So we have morphisms that are images of nullary, unary and
binary operations (in model M).
All that we said we can list in Tab. 1.
Operation in group Representation in topos
Operation
multiplicative operation m(x, y)
mM
inverse operation
i(x)
iM
neutral element
u
uM
Table 1. Correspondence between group operations and their
representations in topos

Mappings m and i correspond by transposition to unique morphisms µ and ι
from chapter 3.3 [2]. Now we can formulate assumptions for the automaton
A:
• we need to represent values from universum set by states in which
automaton operates;
• the set of automaton operations contains just one binary and one unary
operation;
• a nullary operation is a constant.
We are able to find elements with similar properties and behavior over groups.
Let for each object E of topos (of groups) we have such a set of states Q
that automaton working with values of universum set (depicted in object E)
can reach states from Q. For morphisms of topos we assign corresponding
automaton mappings - according to Table 1 - in category of sets. Let δ (i) be
the operation from automaton with arity i. Let A0 be the simplified automaton
of A such that A0 = (Q, {δ}). We identify it as a computing part of automaton
A. Now we construct the correspondence (Tab. 2).
as a mapping
U : E → Set.

SOME ASPECTS ABOUT TOPOS THEORY AND TREE AUTOMATA

23

In topos E
In category Set
GM = E
sets of states
uM : 1 → E
δ (0) : 1 → Q
ι:E→E
δ (1) : Q → Q
µ : E × E → E δ (2) : Q × Q → Q
Identity
idE : E → E
idQ : Q → Q
Table 2. Correspondence between groups in toposes and automata in category of sets
Objects
Morphisms

whereby
 n o

U : (E, {µ, ι, uM }) 7→ Q, δ (i) |i∈{0,1,2}


where Q, δ (i) |i∈{0,1,2} is a substructure of the automaton A. By extending
of this structure with initial variables, initialization and output alphabet we
obtain complete automaton.
5. Conclusion
In our paper we have presented how can be a theory of algebraic structures,
namely group theory, represented in a topos. We showed how tree automata
can be depicted in the category of sets and we defined correspondence between groups iand tree automata as a morphism. Our approach integrates
algebraic structures and tree automata into categorical environment. We can
treat in similar manner also more complex structures that are important in
our research, e.g. for type theory and logical system constructed over it as
categorical fibration.
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EVALUATION OF ROMANIAN ACADEMIC WEBSITES
ACCESSIBILITY. A CASE STUDY
GRIGORETA S. COJOCAR AND ADRIANA M. GURAN
Abstract. The Internet is used daily by many people, including people
with different disabilities. In the last years, many countries have national
laws and policies which address accessibility of Internet, the Web or other
software applications. In this paper we analyze the website accessibility of
some Romanian public universities, in order to find if people with disabilities may access their content without difficulties.

1. Introduction
”The power of the Web is in its universality. Access by everyone regardless
of disability is an essential aspect.” said the Web’s inventor Tim Berners-Lee.
The disabilities term has different meanings to different people: impairments
(a problem in body function or structure), activity limitations (a difficulty
encountered by an individual in executing a task or action), and participation
restrictions (a problem experienced by an individual in involvement in life
situations). As the World Health Organization states, the disability is a result
of a complex interaction between human body features and the society where
a person lives [9].
The Web has become an important part of most areas of society and
everyday life. In many countries, the Web was rapidly adopted and used
for government information and services, education and training, commerce,
news, workplace interaction, civic participation, health care, recreation, entertainment, and more. There are also situations in which the Web is replacing
traditional resources. Consequently, it is fundamental that the Web is accessible in order to provide equal access and equal opportunity to people with
disabilities.
Received by the editors: September 10, 2013.
2010 Mathematics Subject Classification. 68U35, 68M11.
1998 CR Categories and Descriptors. K.4.2 [COMPUTERS AND SOCIETY]: Social Issues – Assistive technologies for persons with disabilities; H.5.2 [INFORMATION
INTERFACES AND PRESENTATION]: User Interfaces – Evaluation/methodology.
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For people with disabilities, the Web is a novel opportunity to access different kinds of information. Many access difficulties to print, audio and video
media can be much more easily overcome through web technologies. For example, when the primary way to get certain information was to go to a library
and read it on paper, there were significant barriers for many people with different kinds of disabilities, such as: getting to the library, physically getting
the resource and reading the resource. When the same information is also
available on the Web in an accessible format, it is significantly easier for many
people to get it. In some cases, the Web allows people with disabilities to do
things that were nearly impossible without it [10].
As more and more university information and educational materials migrate to the web, it becomes increasingly important to ensure that those materials are accessible to people with disabilities, too. If the content of the
web sites is constructed with web accessibility in mind, then students with
disabilities are afforded a new level of freedom previously inexperienced. For
example, blind students can use computer software that reads the web content
out loud to them, thus eliminating their previous reliance on other people to
read the content to them. On the other hand, if the content is not designed
with web accessibility in mind, then students with disabilities will be denied
the benefits that should be available to them to the same extent that it should
be available to all other students.
Accessibility is a general term used to describe the degree to which a
product, device, service, or environment is accessible to as many people as
possible [1]. Web accessibility means that people with disabilities can use the
Web. More specifically, Web accessibility means that people with disabilities
can perceive, understand, navigate, and interact with the Web, and that they
can contribute to the Web. Web accessibility also benefits others, including
older people with changing abilities due to aging [3].
As the Web is an increasingly important resource in many aspects of life
(eg., education, employment, government, commerce, health care, etc.), it is
essential that the Web is accessible in order to provide equal access and equal
opportunity to people with disabilities. An accessible Web can also help people
with disabilities more actively participate in society.
Accessibility can be viewed as the ”ability to access” and possible benefit
of some system or entity. Accessibility is often used to focus on people with
disabilities and their right of access to entities, often through use of assistive
technology. Related to information technology, accessibility is about removing barriers that inhibit the access of certain groups, including people with
disabilities, mature users, and non-native language learners. Accessibility is
considered an important issue when designing or modifying software or hardware to allow access to the greatest number of people possible. Understanding
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accessibility requires an awareness of the special needs of multiple user groups,
including people with disabilities and mature users with age-related disabilities. A person with a disability may encounter one or more barriers that
can be eliminated or minimized by the software or Web developer, the assistive technology, or the underlying operating system software and hardware
platform [7].
The requirements for a product to be accessible refers to some guidelines
and recommendations that must be respected and to be able to interact with
assistive technologies. As the Web has become an important part of everyday
life for many people around the globe, many countries have adopted laws or
regulations that state the degree of accessibility required for Web sites.
The paper is structured as follows. Section 2 introduces the accessibility
guidelines that each web application should follow in order to allow disable
people to use it. In Section 3 we describe the methods that can be used for
accessibility evaluation. The analysis of the Romanian academic websites is
presented in Section 4. Conclusions and further work are given in Section 5.
2. Web Accessibility Standards (Guidelines)
To this day there are no general accepted rules or guidelines in developing
accessible web content. The World Wide Web Consortium (W3C) and the Web
Accessibility Initiative (WAI) [29] have put together two sets of guidelines that
should help developers improve the accessibility of web sites, and should also
help authoring tools in evaluating web sites accessibility.
The first set of guidelines, called Web Content Accessibility Guidelines 1.0
(WCAG1.0) was put together in 1999, and it contained a set of guidelines and
principles about how to make web content accessible to people with disabilities
[30].
The second version of the document, Web Content Accessibility Guidelines
2.0 (WCAG2.0) appeared in 2008 [31], and it included an extended version of
guidelines and recommendations of the previous document that should make
Web content accessible to a broader range of people with disabilities (blindness, low vision, deafness, hearing loss, learning disabilities, etc.). It applies
more broadly to different types of Web technologies and to more advanced
technologies. It is designed to apply as technologies develop in the future. The
WCAG 2.0 requirements are more precisely testable with automated testing
and human evaluation. This allows WCAG 2.0 to be more easily used where
specific requirements and conformance testing are necessary, such as in design
specifications, purchasing, regulation, and contractual agreements [31].
Both versions of guidelines are browser independent and they also contain
techniques for checking the guidelines implementation.
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The guidelines are organized around four principles that are necessary in
order for anyone to access and use Web content [31]:
• Perceivable. Information and user interface components must be presentable to users in ways they can perceive.
• Operable. User interface components and navigation must be operable.
• Understandable. Information and the operation of user interface must
be understandable.
• Robust. Content must be robust enough that it can be interpreted reliably by a wide variety of user agents, including assistive technologies.
For each principle there are a set of guidelines of how it can be implemented and also a set of success criteria that describe specifically what must
be achieved in order to conform to this standard. Both the guidelines and
the success criteria are technology independent [31]. For example, for perceivable principle, one guideline says: ”Provide text alternatives for any non-text
content so that it can be changed into other forms people need, such as large
print, braille, speech, symbols or simpler language”.
The WCAG2.0 has divided the success criteria into three levels of conformance: A, AA, and AAA, with level A being the minimum level of conformance. Level AA is an extension of level A, and level AAA is an extension of
level AA to which more success criteria that are satisfied were added. Even
though Level AAA contains the biggest number of success criteria that should
be satisfied, there are many situations when it cannot be accomplished. That
is why it is not recommended to set level AAA as general policy for web
content accessibility.
2.1. Web Accessibility Laws. The emergence of Web as a new and fundamental form of Information and Communications Technology (ICT) raises new
questions about the application of existing laws and policies to this medium,
and the importance of all members of society being able to access it. Among
these members are also included people with different kind of disabilities:
blindness, deafness, learning disabilities, etc.
In many countries around the globe there is a growing body of national
laws and policies which address accessibility of ICT, including the Internet
and the Web. Different approaches have been considered for these laws and
policies: some take the approach of establishing a human or civil right to
ICT; others have taken the approach that any ICT purchased by government
must be accessible, and others that any ICT sold in a given market must be
accessible. For example, US Section 508 [6] is a piece of US federal legislation,
which mandates that websites produced for federal agencies must conform to at
least a specific set of defined requirements. Similar accessibility requirements
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are applied in country like United Kingdom, Australia, Switzerland, Finland,
France, Germany, Spain, etc [8].
Romanian laws and regulations require that public places, the outdoor
environment, means of transportation, and housing are made accessible. Accessibility is observed by a national authority and local governments.
The web accessibility is regulated by Law 448/2006, article 71, revisited
in 2012 stating that all public web sites must be accessible. Based on this
regulation, we are now interested in verifying if the websites of Romanian
public universities implement the web accessibility recommendations.
3. Web Accessibility Evaluation
There are two basic approaches to accessibility evaluation: the use of a
software tool or the use of a human evaluator.
Software tools can quickly identify objective problems (described in
WCAG2.0) such as images without alt text, form elements without <label>
tags, tables without headers, and so on. Some tools can even identify a few
of the more subjective problems, such as suspicious alt text, suspicious link
text, and text that might be more appropriate as headings. Several software
tools can spider through web sites and produce reports for the entire site, including statistical analysis of the most frequent errors, a list of pages on which
errors occur, and other useful information. Gathering this type of information
without such software would be almost impossible. However, software tools
are incapable of determining whether the content is logical, understandable,
or intuitive, that is why human involvement in the accessibility evaluation
process is needed.
Accessibility evaluation must also take into account what it is like to experience the web with different senses and cognitive abilities. It must also
take into consideration the various unusual configuration options and special
software that enable web access to people with particular disabilities. That is
why, in order to ensure quality and save time and money, accessibility evaluations should start right at the beginning of product design and be included
in subsequent development iterations.
Before accessibility evaluation begins, it is recommended to determine
what the key requirements are for that project, given its environment, intended audience, and resources.
Some requirements will be set by third parties like governments. These
typically take the form of general legislation against discriminating people
with disabilities, rather than mandating a particular standard or enumerating
precise conformance requirements. An important exception is when legislation
enforces a particular standard for public sector.
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There are basically two groups who are involved in human based testing:
experts and users.
Expert testing is important because experts understand how the underlying web technologies interact, can act as a clearing house for knowledge about
different user groups, and have the inclination to learn dedicated testing tools.
User testing is crucial because users are the real experts in their own abilities and their own assistive technology. User testing can also reveal usability
gaps between more and less technical users, and between people who are familiar with the web site in question (such as the expert testers themselves)
and people who are new users.
3.1. Web Accessibility Evaluation Tools. Since the acknowledgement of
the need of web accessibility, different software tools have been developed for
web accessibility evaluation. The WAI site contains a list of tools that can
be used for accessibility evaluation, however this list has not been updated
since 2006 [5]. Among the most popular (used) tools there are AChecker [2],
Cynthiasays [4], TAW [12], SortSite [11].
The existing tools usually verify the compliance with some or any of the
existing guidelines (WCAG1.0, WCAG2.0), the conformance levels A, AA,
and AAA, or compliance with US Section 508. In order to improve the obtained results some tools also require the setting of the technology to check
against(Javascript, etc).
4. Evaluation
We have chosen as case study websites of the Romanian public universities,
as the compliance with Romanian laws is required only for public institutions.
It is not our intention to provide a classification of the selected universities
based on their accessibility, but to identify the most frequent accessibility
problems that might appear when accessing these websites. We also want
to make people aware of these problems, as in the last years more and more
people with disabilities have been attending the public universities.
4.1. Chosen universities. For this evaluation we have chosen the public
universities from Romania that were ranked in the first category during the
evaluation process from 2011: University of Bucharest [16], Babeş-Boyai University from Cluj-Napoca [20], Alexandru Ioan Cuza University from Iaşi [19],
Bucharest University of Economic Studies [15], University of Agricultural Sciences and Veterinary Medicine of Cluj-Napoca [25], University of Medicine
and Pharmacy ”Carol Davila” Bucharest [21], Gr. T. Popa University of
Medicine and Pharmacy from Iaşi [23], Iuliu Haţeganu University of Medicine
and Pharmacy from Cluj-Napoca [22], University Politehnica of Bucharest
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[24], Gheorghe Asachi Technical University of Iaşi [17], Tehnical University of
Cluj Napoca [26], and Politehnica University of Timişoara [18].
4.2. Evaluation Tool. The accessibility evaluation tool that we have used
for this study is the free edition of SortSite 5 from PowerMapper [11]. We
have selected this tool because it analyses up to 100 links from the starting
page. Most of the evaluation tools available analyze only the starting page of
the given URL, so in order to check the accessibility of a more complex site,
each page must be manually given as input to these tools.
4.3. Results. After analyzing the previously mentioned sites, we can conclude
that each site has accessibility problems. In Table 1 we synthesize the problems
discovered by the evaluation tool. The problems were encountered in at least
half of the analyzed sites.
Problem

No of sites

Each A tag must contain text or an IMG with an
ALT tag.
This form control has noassociated LABEL element.
This form control has no associated LABEL element.
This page has markup errors, causing screen readers
to miss content.
Use the LANG attribute to identify the language of
the page.
No TITLE attributes found for the frames on these
pages.
All ONMOUSEOUT handlers should have an equivalent ONBLUR handler.
All ONMOUSEOVER handlers should have an
equivalent ONFOCUS handler.

12

Total no of
sites
12

12
11
10

12
12
12

8

12

7

12

6

12

6

12

Table 1. Accessibility errors.
These problems make it difficult for people with visual disease to navigate
the universities sites. Although these problems can be easily overcome, simply
by following some guidelines in the design and implementation of the sites,
like setting the language for each html page (especially for universities that
offer specializations in different languages), or setting the ALT attribute for
each href and img label, we suggest a long term strategy in improving the
experience of people with disabilities. The first step would be to create an
adequate accessibility policy as other universities (University of Michigan [14],
University of Texas [27], University of Wisconsin [28], Cambridge University
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[13]) do. The second step would be to implement the requirements stated in
the accessibility policy, given the fact that most of the universities having a
web accessibility policy fail to implement it successfully [32].
5. Conclusions and Further Work
We have presented in this paper a first evaluation of the accessibility of
Romanian public universities websites. We have analyzed the websites of
the twelve most important public universities from Romania. The analysis
has shown that all sites have accessibility problems, most of them addressing
people with visual disease. The problems can be easily solved by following
simple guidelines in the development of the web sites. In the future we intend
to analyze the accessibility of other public institution websites and to apply
user testing to create a complete image of the problems that may arise when
accessing the websites content.
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ON THE SOFTWARE METRICS INFLUENCE IN
RELATIONAL ASSOCIATION RULE-BASED SOFTWARE
DEFECT PREDICTION
ZSUZSANNA MARIAN
Abstract. Software defect prediction tries to automatically identify defective software modules, in order to help software testers focus their time
and eﬀort on those modules which are likely to contain faults. So far many
diﬀerent machine learning algorithms have been used for this classiﬁcation
task. We have introduced a new software defect prediction method, called
DPRAR, which uses relational association rules to classify modules, represented by a vector of software metric values, as faulty or non-faulty. In
this paper we investigate how diﬀerent feature elimination techniques inﬂuence the results of the DPRAR method. We also consider two methods
for computing the scores for a module, which are two values showing how
close the module is to the faulty instances and the non-faulty instances.
Experiments on an open source dataset as well as comparisons to related
work are provided.

1. Introduction
Software systems are becoming more complex nowadays, made of many
components, with a great number of connections among them. In such complex
systems a thourough manual analysis and testing is usually impossible due to
time and size constraints. Still, releasing good quality and bug free (or with as
few bugs as possible) software is crucial for many organizations. This is why
diﬀerent intelligent methods are often used, which can suggest those modules,
classes or components which are more likely to contain errors, thus helping
developers select which parts to focus on during testing. Such methods often
use the value of software metrics, and try to ﬁnd anomalies in these values.
In [7] we have presented and experimentally analysed a novel model for
software defect prediction using relational association rule-based classiﬁcation.
Received by the editors: October 8, 2013.
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This model, presented in more detail in Section 2.2, uses a representation
where each module is described by a set of software metrics, also called features, and it has a preprocessing step during which diﬀerent software metrics
can be chosen to be eliminated from further steps of the model. In this paper
we analyse the eﬀect of using diﬀerent feature elimination methods on the
results of defect prediction. We will present three diﬀerent feature elimination
methods and compare their results to the case when no feature is eliminated.
The model presented in [7] computes a score for every module, and the
prediction is based on this score. After determining the best feature elimination method, we will also investigate the results of using a diﬀerent formula
for computing this score.
The rest of this article is organized as follows. Section 2 presents the background for this paper, in two subsections: Section 2.1 presents some similar
approaches from the literature in the ﬁeld of defect prediction and Section 2.2
shortly presents the DPRAR model, a relational association rule-based classiﬁcation model. Section 3 ﬁrst presents the datasets used for the experiment
(Section 3.1), followed by the description of the comparison criteria (Section
3.2) and ﬁnally the description of the measures used for evaluating the results (Section 3.3). Section 4 presents the results of the experiments (Section
4.1) and a comparison to the results reported in related work from the literature (Section 4.2). Finally, Section 5 draws the conclusions of the paper and
identiﬁes directions for future work.

2. Background
2.1. Related Work. Software defect prediction is a well researched ﬁeld, with
many diﬀerent approaches presented in the literature. In this section we will
give a short description of some methods from the literature that are either
similar to our method (i.e. they are using association rules) or they are tested
on the same dataset as our method, so a direct comparison of the results will
be possible.
According to our knowledge, no one has used relational association rules
for software defect prediction before, but other association rule-based methods
are presented in the literature. One example is the CBA method, presented
in [13], where so-called class association rules are mined (these are association
rules whose consequent is the class label). An extension of this method, the
CBA2 method, is presented in [14], where diﬀerent minimum support can
be used for rules predicting diﬀerent classes, thus trying to solve the class
imbalance problem. In [4] this CBA2 method is used for defect prediction and
results of experiments on diﬀerent Nasa datasets are presented.
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In [16] Rodriguez et al. present an algorithm, called EDER-SD (Evolutionary Decision Rules for Subgroup Discovery), which generates only rules describing the faulty modules. Experiments performed on diﬀerent Nasa datasets
revealed that this method is better than other Subgroup Discovery algorithms.
Besides rule-based methods, diﬀerent other machine learning algorithms
were also applied for software defect prediction. For example, in [10] 37 different classiﬁers are compared on ﬁve Nasa datasets. The conclusion of the
paper is that there is no single classiﬁer that performs best for every dataset,
but, on average, bagging has the best performance. Menzies et al. compare
three classiﬁers, OneR, J48 and Naive Bayes, and diﬀerent ﬁlters in [15] out
of which Naive Bayes with a log ﬁlter produced the best results. Challagulla
et al. compare 11 classiﬁers in [5] and conclude that there is no method which
performs best for every dataset, but, in general, OneR and Instance Based
Learning perform well.
Another direction for software defect prediction is the use of disagreementbased semi-supervised learning methods. One such method is ROCUS, presented in [11], which builds several classﬁers for the labeled examples and then
tries to assign labels for the rest of the examples based on majority voting
among the classiﬁers. It also uses under-sampling to handle the class imbalance problem. Another similar method is presented in [12], called ACoForest,
which uses active-learning, which means that it can suggest which examples
to label (the ones on which the classiﬁers mostly disagree), so in a software
defect prediction scenario, it can suggest which modules should be tested.
Since defect prediction datasets are usually imbalanced, i.e. there are a lot
more negative examples than positive ones, many methods try to handle this
problem, too. Besides CBA2 and ROCUS, which try to solve this problem,
there are other methods which focus on this aspect. One such method is presented in [21], where the imbalanced binary dataset is ﬁrst transformed into a
balanced multiclass dataset and the classiﬁers are trained on this new dataset.
Wang and Yao in [22] ﬁrst evaluate diﬀerent existing class imbalance learning methods, and for the best one, AdaBoost, they introduce a new dynamic
version, which can automatically adjust its parameters during training.
2.2. The DPRAR model. The DPRAR (Defect Prediction using Relational
Association Rules) model is a novel supervised method for detecting defective
software entities, introduced in [7]. One important part of this approach is to
represent the entities of the software system, which can be methods, classes,
modules and so on, as a multidimensional vector, where each element of the
vector is the value of a software metric (feature), computed for the given entity.
The main problem in defect detection is to determine whether such an entity
contains defects or not.
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Such a problem can be considered a binary classiﬁcation problem, with two
classes, defective (denoted in our case by “+”) and non-defective (denoted by
“-”). In order to classify an entity (represented as a multidimensional vector
of software metric values) as defective or not, the following three steps are
performed:
• Data pre-processing;
• Training/building the DPRAR classiﬁer;
• Classiﬁcation/testing.
During the ﬁrst step, data pre-processing, the software metric values are
scaled to the [0,1] interval, and a statistical analysis is carried out to determine
if some of the software metrics should be eliminated from further analysis.
During this analysis the Spearman’s rank correlation of each software metric
to the target value is computed and, based on the result, some software metrics
can be eliminated, reducing the dimensionality of data. In this paper we
will analyse how diﬀerent feature elimination methods inﬂuence the result of
classiﬁcation. The elimination methods used in this analysis are presented in
Section 3.2.
Before presenting the second step, we will shortly describe what relational
association rules are, as presented in [17]: let R = {r1 , r2 , . . . , rn } be a set of
instances, in our case modules, where each instance is characterized by a list
of m attributes (a1 , . . . , am ). We denote by Φ(rj , ai ) the value of attribute ai
for the instance rj . Each attribute ai takes values from a domain Di , which
contains the empty value denoted by ε. Between two domains Di and Dj
relations can be deﬁned (not necessarily ordinal relations), such as: less or
equal (≤), equal (=), greater or equal (≥), etc. We denote by M the set of all
possible relations that can be deﬁned on Di × Dj .
A relational association rule [17] is a sequence (ai1 , ai2 , ai3 , . . . , aiℓ ) such
that aij µij aij+1 holds for each 1 ≤ j ≤ l − 1, where {ai1 , ai2 , ai3 , . . . , aiℓ } ⊆
A = {a1 , . . . , am }, aij ̸= aik , j, k = 1..ℓ, j ̸= k and µi ∈ M is a relation over
Dij × Dij+1 , Dij is the domain of the attribute aij . If:
a) ai1 , ai2 , ai3 , . . . , aiℓ occur together (are non-empty) in s% of the n instances, then we call s the support of the rule,
and
b) we denote by R′ ⊆ R the set of instances rj where ai1 , ai2 , ai3 , . . . , aiℓ
occur together and Φ(rj , aik ) µk Φ(rj , aik+1 ) holds for each 1 ≤ k ≤ l−1
for each instance rj from R′ ; then we call c = |R′ |/|R| the confidence
of the rule.
The length of a relational association rule is the number of attributes in the
rule, which can be at least two and at most the number m of attributes. In any
dataset a huge number of relational association rules can be found, but we are
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usually interested only in rules with at least smin support and cmin conﬁdence,
also called interesting rules. Both smin and cmin are user deﬁned thresholds.
In [6] we have presented an Apriori [3] like algorithm, called DRAR, which
can eﬃciently ﬁnd all relational association rules in a dataset.
During the second step, the DPRAR classiﬁer is built. Since software defect prediction is a supervised classiﬁcation task, we need a set of training data,
which is divided into two subsets: DS+ , consisting of those instances from the
training data which are defective, and DS− , consisting of the non-defective
instances. On these sets relational association rule mining is performed, which
will give two sets of relational association rules, denoted by RAR+ (rules mined
from DS+ ) and RAR− (rules mined from DS− ). For each rule r from these
two sets, a value called ratio(r), is assigned, obtained by dividing the rule’s
(r)
conﬁdence to its support: conf
supp(r) .
The third step of the model consists of the classiﬁcation of a new entity.
At this step, we will compute two scores, score+ and score− , which try to
capture the similarity of the entity to the defective (through score+ ) and the
non-defective (through score− ) instances. In [7] these scores for an entity e
were computed in the following way:
• Compute n+ as the average values of ratio(r) for each rule r ∈ RAR+
that is veriﬁed by the entity e, and compute n− as the average values
of ratio(r) for each rule r ∈ RAR− that is not veriﬁed by the entity e.
• Calculate score+ as score+ = n+ + n− .
• Compute m− as the average values of ratio(r) for each rule r ∈ RAR−
that is veriﬁed by the entity e, and compute m+ as the average values
of ratio(r) for each rule r ∈ RAR+ that is not veriﬁed by the entity e.
• Calculate score− as score− = m+ + m− .
We can see that score+ measures not only how “close” the entity is to
the positive instances, but also how “far” it is from the negative ones. When
the two scores are computed, if score+ > score− we will classify the entity as
defective, otherwise it will be classiﬁed as non-defective. Besides analysing the
eﬀect of diﬀerent feature elimination methods, this paper will also investigate
the eﬀect of using a diﬀerent formula for computing the value of score+ and
score− , presented in Section 3.2.
3. Experiments
This section will describe the experiments that we performed both for
feature elimination and score computation. It also presents the dataset used
for these experiments, and the measures used for evaluating the results.

40

ZSUZSANNA MARIAN

3.1. Datasets. In order to be able to compare our results to other results
reported in the literature, we have decided to use one of the Nasa datasets
for this study. These datasets are open source and publicly available at [2], in
order to encourage the development of repeatable, veriﬁable and improvable
predictive models. These datasets were originally published at Nasa’s Independent Veriﬁcation and Validation (IV & V) Facility website [1], but are no
longer available there. In 2011 Gray et al. in [9] describe that, despite their
popularity, these datasets should be used carefully, because they need serious
data cleaning before use, because they contain a large number of duplicated
and inconsistent instances. While Gray et al. focuses more on the eﬀect of
these duplicated and inconsistent instances on the performance of predictive
models, Shepperd et al. in [18] present, among others, an algorithm that cleans
the data. Both the implementation of the algorithm, and the cleared datasets
are available at the NASA - Software Defect Datasets webpage [2].
While in [7] we have used 10 out of the 13 Nasa datasets, in this paper
we will perform our experiments on only one of these datasets, called PC3.
This dataset contains data about modules from a ﬂight software for earth orbiting satellite, written in C. It consists of 134 positive instances (defects) and
943 negative instances (non-defects), namely the class distribution is 12.4%
instances are positive and 87.6% instances are negative. Each instance has 37
features and the class label.

3.2. Comparison criteria. As mentioned in Section 2.2, the DPRAR model
has a preprocessing step, when a statistical analysis is carried out, which can
lead to the elimination of diﬀerent software metrics. Obviously, we would
like to eliminate those software metrics that do not signiﬁcantly inﬂuence the
output value. In order to do so, for every software metric, we computed the
Spearman’s rank correlation coeﬃcient [19] between the software metric and
the class label. A Spearman correlation of 0 between two variable X and
Y indicates that there is no tendency for Y to increase or decrease when X
increases. A Spearman correlation of 1 or -1 results when the two variables
being compared are monotonically related, even if their relationship is not
linear.
After computing the Spearman correlation of each software metric to the
class label, we compute the mean (denoted by m) and standard deviation
(denoted by stdev) of these correlations as well. The correlations, as well as
three lines, denoting the value m + stdev, m and m − stdev are presented on
Figure 1.
In the following we will present those four diﬀerent feature elimination
methods that are experimentally analysed in this paper:
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Figure 1. Correlations for PC3 dataset
(1) Case 1. The simplest version is to keep all the features. In case of the
PC3 dataset, this means that all 37 features will be used to generate
the relational association rules.
(2) Case 2. To eliminate only those features, whose correlation is lower
than m − stdev. This is the variant that we used in [7]. In case of
the PC3 dataset, this means that only one feature is removed, feature
number 15, called essential density.
(3) Case 3. To eliminate only those features, whose correlation is higher
than m + stdev. In case of the PC3 dataset, this means that four
features will the eliminated: the ﬁrst feature, loc blank, feature number
18, halstead content, feature number 33, num unique operands and
feature number 35, number of lines.
(4) Case 4. To eliminate both features with correlation lower than m −
stdev and higher than m+stdev. In case of the PC3 dataset, this means
eliminating the features mentioned for the two previous cases, namely:
essential density, loc blanc, halstead content, num unique operands,
number of lines.
Besides determining which of the above described four feature elimination
cases gives the best results, we want to experiment with the score calculation
formula as well. As presented in Section 2.2, for a module to be classiﬁed as
defective or not, we compute two values: score+ and score− . In [7], score+ is
computed by taking into consideration the ratio of rules from RAR+ veriﬁed
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by the module and the ratio of the rules from RAR− , not veriﬁed by the
module. Score− is computed similarly.
We will experiment with a diﬀerent score computation formula, where, for
an entity e, score+ and score− are computed in the following way:
(1)

score+ (e) =

nrverif+ (e) + nrneverif− (e)
|RAR+ | + |RAR− |

(2)

score− (e) =

nrverif− (e) + nrneverif+ (e)
|RAR+ | + |RAR− |

where nrverif+ (e) is the number of rules from RAR+ that are veriﬁed by
the entity e, and nrneverif− (e) is the number of rules from RAR− that are not
veriﬁed by e. In the rest of this paper we will denote this score computation
method as scorenumber , while the other method, presented in Section 2.2, will
be called scoreratio .
3.3. Evaluation measures. In this section we present the measures used
to evaluate the results of the experiments. For every experiment, we used
a “leave-one-out” cross-validation methodology. After evaluating each entity,
we compute the confusion matrix [20], a two-by-two matrix, which consists
of the number of true positives (TP - the number of positive entities that
were classiﬁed by the DPRAR method as defective), true negatives (TN - the
number of negative entities that were classiﬁed negative), false positives (FP the number of negative entities classiﬁed as positive) and false negatives (FN
- the number of positive instances classiﬁed as negative).
In the literature diﬀerent evaluation measures, whose value can be computed based on these four values (TP, TN, FP, FN), are presented. In this
paper we are going to use three of them, precision, recall and AUC :
• Precision, denoted by Prec, denotes the proportion of predicted posiP
tives which are actual positives, i.e. P rec = T PT+F
P.
• Recall, also called probability of detection, is the proportion of actual
P
positives, which are predicted positives, i.e. Recall = T PT+F
N.
• AUC or Area Under the ROC Curve is often considered the best evaluation measure for comparing diﬀerent classiﬁers [8]. The ROC (Receiver Operating Characteristics) curve is a two-dimensional plot of
recall versus (1 - specificity). ROC curves are usually constructed
for classiﬁers which, instead of directly returning the class of an instance, return a score, which is transformed into the class label using
a threshold. For diﬀerent values of the threshold, diﬀerent (recall, 1
- specificity) pairs are obtained, which are represented on the ROC
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curve. As its name suggests, AUC measures the area under this curve.
In case of classiﬁers that return the class directly, like the DPRAR
classiﬁer, the ROC space has one single point. As presented in [8], this
point can be linked with the points at (0,0) and (1,1), thus producing
a curve for which the AUC value can be computed.
For all three of these measures, the maximum value is 1, which represents
a perfect classiﬁer (no false negatives and false positives).
4. Results and Discussion
This section presents the results of the performed experiments, together
with an analysis of these results, and a comparison to other results reported
in the literature for the PC3 dataset.
4.1. Results and analysis. The results of the experiments for the four feature elimination cases presented in Section 3.2 are presented on Figure 2.
For all four cases only rules of length 2 were mined, with a minimum support
threshold of 0.9. The minimum conﬁdence threshold diﬀers for the two classes,
for DS+ a threshold of 0.95 and for DS− a threshold of 0.995 was used. For
computing the scores, the scoreratio formula was used.

Figure 2. The results for the four diﬀerent feature elimination methods.
From this Figure we can see that Case 4 has the highest value for each
measure. This is the case, when ﬁve software metrics are removed from the
analysis, both the ones with correlation less than m − stdev and the ones with
correlation greater than m + stdev.
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The worst performance, considering all three measures, is achieved for Case
1, the case when no software metrics are removed. In case of Recall and AUC
this diﬀerence is quite small, 0.015 and 0.01 respectively, but for Precision the
diﬀerence is 0.037. This suggests that using any feature elimination method
improves the classiﬁer.
For the other two cases the comparison is not so easy. Considering Precision, Case 3 is a lot better than Case 2 (by 0.34), but considering Recall and
AUC Case 2 has better values, even if in case of AUC the diﬀerence is only
0.001. In order to compare them better, we have looked at the number of false
negatives. False negatives are those instances which are actually positive, but
predicted as negative. In case of defect prediction, false negatives represent
faulty modules, classiﬁed as non-faulty. This is an error which, for defect prediction, is more important than false positives, non-faulty modules classiﬁed
as faulty. Considering false negatives, Case 2 is better than Case 3, because
it has 20 false negatives, while Case 3 has 21. Case 4, having the best values
for all measures, has only 19.
For the best case, Case 4, we have performed another experiment, using the
scorenumber formula for computing the score. The results of this experiment,
compared to the results for Case 4, but with scoreratio are presented on Figure
3.

Figure 3. The results for Case 4 with the two diﬀerent score
computation formulas.
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Method
Precision Recall AUC
DPRAR - Scoreratio
0.913
0.858 0.923
DPRAR - Scorenumber
0.943
0.858 0.925
CBA2
n/a
0.255
0.821
ROCUS
n/a
n/a
0.795
Random Forest with one - against - one coding
n/a
n/a
0.85
Dynamic AdaBoost.NC
n/a
n/a
0.816

Table 1. Comparative results.

From Figure 3 we can see that both score computation formula leads to
the same Recall. Considering the other two measures, scorenumber has higher
values than scoreratio , even if the diﬀerence is quite small. Considering all
these, we can conclude, that using scorenumber instead of scoreratio improves
the performance of the DPRAR method for the PC3 dataset.
4.2. Comparison to Related Work. In this section we will present a short
comparison of the results of the DP RAR method to other methods. Unfortunately, we can not compare our method to all methods presented in the
Related Work section, because:
• Not all methods are tested on Nasa datasets, and even in case of the
methods that are tested on Nasa datasets, not all of them use the PC3
dataset, that we have used.
• Not all papers report the same evaluation measures that we use. AUC
is often reported, but Precision and Recall are not, instead other different measures are used, and usually there is no measure used in every
paper.
Still, even for cases when the PC3 dataset was used, and the value of at
least one measure used by us is reported, an exact comparison is problematic.
One reason for this is the fact that we have used, as mentioned in Section 3.1,
the cleaned version of the PC3 dataset, but others did not. As presented by an
experiment in [9], using the uncleaned version, which contains duplicates, can
lead to better performance, because training and test sets are not perfectly
separated, they can contain common elements. Another diﬀerence can be in
the testing methods, we have used a leave-one-out cross-validation method,
while others used diﬀerent methods.
The comparison to other methods is presented in Table 1. For each measure, the bold value represents the highest value for the given measure. n/a
stands for not available, for measures that were not reported for a given
method.
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The ﬁrst two rows from Table 1 report the results of our method, for Case
4, for the two diﬀerent score computation formulas. The third row presents
the values reported for the CBA2 method in [4]. The next line contains the
values for the ROCUS method, as reported in [11]. We would like to mention
that results for four diﬀerent parameter settings are reported for ROCUS,
and we used here the highest AUC achieved in these experiments. The ﬁfth
line contains the best results reported in [21] for a Random Forest algorithm,
using one-against-one coding. Finally, the last line presents the results of the
Dynamic AdaBoost.NC algorithm introduced in [22].
From Table 1 we can conclude that the best method, considering Precison,
Recall and mainly AUC, is DPRAR with the scorenumber score computation,
while the second is DPRAR with scoreratio .
5. Conclusions and Further Work
In this paper we have presented an experimental study about the eﬀect of
diﬀerent feature elimination techniques for a relational association rule-based
software defect prediction method, called DPRAR, introduced in [7]. All used
feature elimination techniques were based on the Spreaman’s rank correlation
of the features to the class label. We have presented four diﬀerent cases for
feature elimination, and concluded that the best results, in terms of Precision,
Recall and AUC, are achieved when both features with correlation less than
m − stdev (mean correlation minus standard deviation of all correlations) and
features with correlation higher than m + stdev are eliminated.
An important part of the DPRAR method is the score computation, since
the ﬁnal prediction (i.e. whether an instance is predicted as faulty or not) is
directly based on this score. In [7] we have used a score computation based
on the support and conﬁdence of rules. Here we performed an additional
experiment, with a diﬀerent score computation formula, which considers only
the number of veriﬁed and unveriﬁed rules. This experiment showed that this
second score computation leads to better results than the one used in [7].
In the future we would like to perform experiments on other Nasa datasets
as well, to further investigate both the attribute elimination strategy and this
diﬀerent score computation method.
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IMAGE SEARCH RESULTS DIVERSIFICATION
CLAUDIU EPURE, ALEXANDRA-MIHAELA SIRIŢEANU, AND ADRIAN IFTENE
Abstract. In the last years, the volume of data (text, image or multimedia) has grown exponentially. In this context, the information retrieval
task has become more and more diﬃcult. This paper aims to present an
application that performs image retrieval based on Flickr network image
collection. After the user ﬁlls in the query, the system is responsible with
(1) query processing, (2) image retrieval and (3) results displaying. Before
retrieving the results, the system clusters the images based on several criterions and shows to the user one representative image for every cluster it
creates. In this way, the results displayed to the user are diverse and he
still has the possibility to view all the images from a cluster, when clicking
on the representative image. The system achieves diversity in two ways: (i)
at query processing, when the user adds from WordNet the lexical family
corresponding to query keywords, and (ii) when the results are displayed
and the clusters are created.

1. Introduction
The need of humans to socialize and share information has led to a constantly growing Web, which has become a support for social media. Every day,
worldwide users are pushing multimedia data towards their family, friends and
the world at large. This is the reason why, web search has also become the
main method for people to fulﬁll their information needs. While web consists
in huge amounts of multimedia documents, searching for relevant information
is not that straightforward, since user queries are often ambiguous and have
more than one interpretation. For instance, the word Turkey is mostly used
to refer to the country, but it can also refer to the bird from the Meleagrididae
family. Trying to overcome this issue, the search engine could either rank its
results based on the ”best guess” probability or try maximizing the probability of a user in ﬁnding at least one relevant document on the results page. In
Received by the editors: November 14, 2013.
2010 Mathematics Subject Classification. 68T50, 68P20, 91F20.
1998 CR Categories and Descriptors. H.3.1. [Information Systems ]: Content Analysis
and Indexing – Linguistic processing; J.5. [Computer Applications]: Arts and Humanities
– Linguistics.
Key words and phrases. Image Retrieval, Diversiﬁcation.
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this context, diversity appears to be a trade-oﬀ between having more relevant
results of the most likely intent and having diverse results that cover diﬀerent
query interpretations.
The common modality used for image search on the web is based on text,
the assumption being that the tags and the textual descriptions associated
with photos are powerful ways to describe and retrieve images. In this way,
the better the textual metadata captures the content of the image, the better
the system performance is. Yet, ”a picture is worth a thousand words”1, simply
because complex ideas can convey in a single image. This explains the eﬀorts
made in content-based image retrieval (CBIR), moving from simple low-level
features to high-level semantics.
Over time, various theories involving search results diversiﬁcation have
been developed, theories that have been taken into consideration [4]: (i) content (or similarity) [7], i.e. how diﬀerent are the results to each other, (ii)
novelty [2], [3], i.e. what does the new result oﬀer in addition to the previous
ones, and (iii) semantic coverage [19], i.e. how well covered are the diﬀerent
interpretations of the user query.
The rest of the paper is structured as follows. In Section 2, we survey the
various ways of diversifying search results, in Section 3 we present existing
data clustering algorithms and we review the algorithm used by our system,
in Section 4 we describe our system, an image search engine based on Flickr
data, which diversiﬁes the results, using both images meta-data and images
content, in Section 5 we show how our system works based on two case studies
and ﬁnally, in Section 6 we present our conclusions.

2. Related work
Generally, the problem of diversifying search results can be seen as a compromise between ﬁnding relevant elements to the query and achieving variety
in the result set. Given a set X = {x1 , ..., xn } of n items, a query q, and an integer k, k ≤ n, we want to ﬁnd Y ⊆ X of size |Y | = k, such that every element
from Y is relevant to q with respect to a similarity function δsim : q × X → ℜ+
and, at the same time, diverse among other elements in Y with respect to the
diverse function δdiv : X × X → ℜ+ .
In this section, we describe various dimensions considered for diversiﬁcation in the multimedia retrieval literature [4] and we structure our presentation
based on how diversity is deﬁned: (i) content, (ii) novelty and (iii) semantic
coverage.
1
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2.1. Content-based definitions. Content-based deﬁnitions describe diversity as an instance of the max-sum dispersion problem, where given a set of
n elements in some space, the aim is to select k points, such that the sum
of distances between pairs of selected points is maximized [13]. The diversity
problem consists in selecting a subset Y ⊆ X of size |Y | = k that maximizes
the sum of inter-element distances among items of Y . The k-diverse set Y is
formally deﬁned in [17] as:
Y =

argmax
div(X ′ ), where
X ′ ⊆ X, |X ′ | = k

(1)
div(X ′ ) =

k−1 ∑
k
∑

δdiv (xi , xj ), xi , xj ∈ X ′ .

i=1 j=i+1

Content-based diversity is commonly used along with user’s query relevance criterion. The relevance problem is another instance of the max-sum
dispersion problem and aims to ﬁnd a subset Y ⊆ X of size |Y | = k with the
largest sum of similarity distances among all sets of size k in X. The k-similar
set Y is formally deﬁned in [17] as:
Y =

argmax
sim(q, X ′ ), where
X ′ ⊆ X, |X ′ | = k

(2)
sim(q, X ′ ) =

k
∑

δsim (q, xi ), xi ∈ X ′ .

i=1

The result diversiﬁcation problem is further deﬁned in [17] as computing
a set Y ⊆ X of size |Y | = k with a trade-oﬀ λ, 0 ≤ λ ≤ 1 between having
k elements that are both similar to the query q (1) and also diverse to each
other (2). The k-similar diversiﬁcation is formally deﬁned as:

(3)

Y =

argmax
F (q, X ′ ), where
X ′ ⊆ X, |X ′ | = k

F (q, X ′ ) = (k − 1)(1 − λ) · sim(q, X ′ ) + 2λ · div(X ′ )
Intuitively, F (q, Y ) measures the amount of ”attractive forces”, between q
and k elements in Y , and ”repulsive forces”, among elements in Y .
2.2. Novelty-based definitions. Novelty and dissimilarity are diﬀerent though
related notions. The novelty quality of a document refers to how diﬀerent it
is with respect to the other documents previously seen, while dissimilarity
applies to a set of items, and is related to how diﬀerent the items are with
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respect to each other. This is related to novelty in that when a set achieves
dissimilarity, each document contains a piece of novel information with respect
to the rest of the set.
In [3], a document is deﬁned as a collection of information nuggets from
the space of all possible nuggets. A nugget is interpreted broadly as a binary
property, which may represent a fact, an answer to a question, a topicality or
other similar piece of information. A document d is considered to be relevant
if it contains any relevant information, which means at least one nugget that
is also contained in the user’s query q. Given a results list retrieved by an IR
system for query q, the probability that the k th document is both novel and
diverse from the k − 1 appearing before it can be expressed as the probability
of that document containing a nugget that cannot be found in the previous
k − 1 documents.
2.3. Coverage-based definitions. Queries submitted to a retrieval system
are often ambiguous. For a user to ﬁnd at least one relevant result, it is desirable to diversify search results so that top-ranked documents can cover diﬀerent query interpretations. In [19], the general idea of modeling diversity is to
retrieve k documents that cover many interpretations of query q, especially interpretations that are considered important. Intuitively, the more subtopics Y
covers and the more important the covered subtopics are, the higher diversity
score Y has. Taking into consideration the relevance criterion, the k-similar
diversiﬁcation set Y contains k elements from X that maximize F (q, Y ):
(4) F (q, Y ) = λ

∑
xi ϵX

δsim (q, xi ) + (1 − λ)

∑

δweight (q, si )

si ϵS(q)

∑

δcov (xj , si )

xj ϵY

where δweight (q, si ) deﬁnes the importance of the suptopic si and δcov (xj , si )
measures the coverage of the subtopic si in the document xj ϵ Y.
3. Data clustering
3.1. Existing algorithms. In this section we formally describe the clustering
problem and we present several clustering techniques considered in the literature. In [18], clustering is deﬁned as the process of identifying a ﬁnite set of
categories, classes or groups in the dataset such that data objects in the same
cluster should be similar to each other, while data object in diﬀerent clusters
should be dissimilar from one another. Clustering techniques are generally
classiﬁed as partitional clustering and hierarchical clustering, based on the
properties of the generated clusters [6], [10]. Han and Kamber [9] suggested
categorizing the methods into additional three main categories: density-based
methods, model-based clustering and grid-based methods.
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Partitional clustering algorithms assign a set of data points into nonoverlapping subsets without any hierarchical structure, such that each group
contains at least one point, each data object is in exactly one subset and the
union of all classes form the dataset [16].
Hierarchical clustering algorithms organize data into a hierarchical
structure according to the proximity matrix, the result being a cluster hierarchy, also known as dendrogram. Hierarchical clustering methods are categorized into agglomerative (bottom-up) and divisive (top-down) [12]. The merging or division of clusters is performed according to some similarity measure,
which divides the hierarchical clustering methods into: single link, average
link, and complete link.
Density-based clustering is presented in [18] as a technique capable
of ﬁnding arbitrarily shaped clusters, where clusters are deﬁned as dense
regions separated by low-density regions. A density based algorithm is often applied when clusters are irregular or intertwined, and when noise and
outliers are present. Speciﬁcally, the algorithm DBSCAN (Density Based
Spatial Clustering of Applications with Noise) [5] implements the concept of
density-reachability and density-connectivity to deﬁne clusters. Letting
Nϵ (p) = {q ∈ P |δdist (p, q) ≤ ϵ} be the ϵ-neighborhood of a data point p (where
ϵ is a given radius and δdist a distance function), a point p is considered to be
density-reachable from a point q if there is a chain of points p1 ...pn , p1 = q
and pn = p such that for each pi+1 : (1) pi+1 ∈ Nϵ (pi ), and (2) |Nϵ (pi )| ≥ min,
where min is a prespeciﬁed parameter that speciﬁes the minimum number of
data points that must form the neighborhood of a data point in a cluster. If
two points are found on the border of a cluster, they are possibly not density
reachable from each other and their relation can be described using densityconnectivity. A point p is considered to be density-connected to a point q,
if there is a point r such that p and q are both density-reachable from r.
In model-based clustering [11], it is assumed that the data are generated by a mixture model of several probability distributions, each with its
own set of parameters. Rather than performing classical clustering, the goal
is typically to estimate the parameters of each model and compute the cluster
assignment. The estimation is usually done using an iterative scheme similar
to those used by partitioning methods. The main assumption is that each
point is associated with a hidden class and belongs to only one cluster.
As density-based methods, grid-based clustering are popular for mining classes in large multidimensional space, classes being perceived as denser
regions than their surroundings. A typical grid-based clustering algorithm
consists in dividing a data space into a set of cells, calculating the cell density for each cell, sorting the cells according to their densities, identifying the
cluster centers and traversing the neighbor cells [8].
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3.2. Proposed algorithm. We propose a density based algorithm inspired
by DBSCAN [5], from which we take the ideas of distance and dynamically
creation of clusters. The minimum number of images for the creation of a
cluster is set to one, reason why, after clustering, isolated images (noise) cease
to exist. Another diﬀerence concerns the input of the search, where the ﬁrst
image from the request is taken and not a random one, like in the case of
DBSCAN.
In this approach, the notion of distance changes according to the type of
request speciﬁed by the user: based on the text or on the content. In the ﬁrst
case, we use the Levenshtein algorithm [15] to calculate the distance between
two strings, applied on the image’s annotations (title, description, tags). In
the second case, we compute the distance between images at the pixel level,
by applying the algorithms provided by the AForge.NET2 framework.
3.3. Application of the algorithm on annotations. When the user chooses
to cluster the images based on text, an analysis of the image associated annotations (title, description, tags) is carried out. For the algorithm to be eﬃcient
(to properly group the similar images), the diﬀerence between the lengths of
the images titles must not be very long3. This thing requires a preprocessing
of the input data aiming to classify the images based on the title length. In
this way, several thresholds are introduced regarding the length of an image
title.
The process begins by classifying the images in collections intuitively called
albums, in such a way that every album has a threshold associated and the title
of any image from this album comply with these conditions:
• it does not exceed the threshold value;
• it is bigger than the threshold value of the previous album or it is
bigger than 0 if the album is the ﬁrst one.
The values for the chosen thresholds are 20, 40 and 60. In the end, every
album consists in a list of clusters and the ﬁnal result is obtained by concatenating these lists. The algorithm is applied in in the same manner for every
album, as follows:
(1) A similarity parameter (sim) is set; for example, half of the threshold’s
length corresponding to the album;
(2) The ﬁrst image is chosen as representative of the ﬁrst cluster.
(3) For each remaining image img, the following steps occur:
2AForge.NET: http://www.aforgenet.com/framework/
3for example, let’s assume that for the input ”car” will be three images: two similar (1),

(2) having the titles: car expo... (45 characters) and car expo... (10 characters); a diﬀerent
image (3): red car (7 characters); the algorithm will group the images (2) and (3) which is
incorrect
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(a) The list of the existing clusters is iterated and the minimum of
the Levenshtein distances between the title of the image img and
the title of the representative image of the cluster is calculated,
only if that Levenshtein distance is smaller than the similarity
parameter sim. The cluster C in which the minimum has been
found is remembered.
(b) If there is a minimum, the image is added to the cluster C where
the minimum has been found. Otherwise, a new cluster is created
having the image img as the representative image. The new cluster
is added to the clusters list.
In other words, every image is grouped along with the images which closely
resembles (in the context of distance between titles) when it satisﬁes the similarity condition (sim) or it becomes the core of a new cluster when it does not
satisfy the similarity condition.
3.4. Application of the algorithm on content. If the user chooses to
cluster the images based on their content, this is carried out by applying an
algorithm that analysis the images’ pixels. To accomplish this, the opensource library AForge.NET has been used, which provides an algorithm for
computing the similarity between two images. The similarity is represented
by a real number between 0 and 1 (the similarity of an image with herself is 1)
and is being used as the distance parameter. After performing some tests on
the test data we have decided to set the sim parameter to the value of 0.66.
Having the distance and the sim parameters speciﬁed, the clustering algorithm continues in the same manner as the one presented above. The algorithm
used by the library for analyzing the pixels measures the distance between two
pixels, namely the diﬀerence between the component values (red, green, blue).
For example, the distance between the colors green RGB (0, 255, 0) and blue
RGB(0, 0, 255) is |0 − 0| + |255 − 0| + |0 − 255| = 0 + 255 + 255 = 510;
with respect to RGB(255, 255, 255), the result is 510/765 = 0.66. The similarity between pixels is further computed as: 1 − 0.66 = 0.33. Obviously,
the similarity between white RGB(255, 255, 255) and black RGB(0, 0, 0) is
1 − (255 + 255 + 255)/765 = 1 − 1 = 0. The average of the all similarities
between pixels results in the similarity of the compared images.
3.5. The retrieval of images based on a lexical database. There are
situations when the user does not precisely know or does not remember the
term to use for his interrogation, but he has some information about the term
like: a synonym, an antonym or its word family. For solving this issue, a
lexical database can be used. A lexical database is a database that contains
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information about words and about the relations that exist between these
words and other words in their word family.
According to WordNet (WordNet, 2012) between the words of a lexic there
are relations that can help at the creation of hierarchies and diﬀerent properties
can be highlited. The main relation between words is the synonymy. In
WordNet, the synonyms are grouped into sets of synonyms (synsets). Between
these sets there are many types of relations, the most important being those of
hypernyms and hyponyms. Other types of relations are: meronymy, holonymy
and for adjectives, anyonymy.
Example: Let’s assume that the user wants to get information about
double-decker and he doesn’t know exactly the term but he knows that it is
in the bus category. Searching for bus using the option of hyponym, he will be
able to access the desired word. With the meronym option, he could obtain
words like wheel, engine, air-bag.
4. System architecture
An Image Retrieval application must be capable of fast query processing, conveniently storing results in a database and provide the user a good
experience in terms of human-computer interaction. In the case of results
diversiﬁcation, applications deal with large datasets, thus they have to implement very eﬃcient algorithms in which the comparison is the predominant
operation. Even so, for best results, they rely on powerful hardware processing
units.
The proposed solution is a web application which is simultaneously accessible for plenty of users. The application uses the ubiquity of public web services
in order to obtain images, metadata and ontology datasets. The necessity of
using a Cloud Computing4 solution, has led us to choosing the Windows Azure
[1] platform, which takes care of data storage and application hosting.
Our system is a Client-Server application and, from an architectural point
of view, it follows the Model-View-Controller pattern. The main functionalities
are: (1) Querying and getting data, (2) Diversiﬁcation and saving images and
(3) Displaying the results. The main components are shown in Figure 1:
• the Server: contains both the classes responsible for getting the images and the main algorithms of classiﬁcation;
• the Database: consists of a SQL server for storing users and management data, and a NoSQL server for storing images metadata based on
the previously imposed diversiﬁcation type;
4Cloud Computing
the practice of storing regularly used computer data on
multiple servers that can be accessed through the Internet: http://www.merriamwebster.com/dictionary/cloud%20computing
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• the Client: contains the graphic user interface consisting of several
web pages.

Figure 1. System Architecture
In the following paragraphs we will present each component’s structure and
functionality along with the technologies that we have used in our application.
4.1. Server. Following the Client-Server model, when a client sends a request
(synchronous or asynchronous), the server executes an action and sends a
response back to the client. When the query (a text with keywords) is received,
the server updates the current user’s query list and searches for results ﬁrstly
in the database. When such results occur, they are sent to the client without
other processing. If this is not the case, the query is run against a web service
(e.g. Flickr) and the corresponding images metadata are received. Based on
the query, the images are further processed according to the diversiﬁcation
algorithms at text level (title, description, annotations) or at content level
(pixels similarity). The metadata is clustered and the obtained classes are
stored in the database. Finally the images result list is displayed to the client.
The application was developed using Microsoft technologies and the solution contains four projects:
• two Class Library projects for storing the models and for implementing
the access to the database;
• one ASP.NET MVC 4 Web Application project for the application
itself;
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• one Windows Azure Cloud Service project that encapsulates the application.
We have implemented the server using the .NET framework and we have
imported in our project several libraries as follows:
• Flickr.NET5 for easily accessing the Flickr API in .NET;
• WordNet6 API for the English lexical database;
• Antelope7, a framework for easily accessing the WordNet API in .NET;
• AForge.NET API for processing the images at pixels level.
4.2. Database. The data required by the application are stored in two different databases, providing speciﬁc functionalities:
• a relational database server administrated by Microsoft SQLServer for
storing and handling of registered users and their data (queries, feedback, etc.);
• an non-relational database (NoSQL) administrated by the Windows
Azure Storage for storing images meta-data, classiﬁed in tables of
queries and clusters (Table Storage), but also for storing images (Blob
Storage).
The relational database consists of the following tables: UserProfile
(where the users are stored), Keywords (where the users’ queries are stored),
KeywordUserProfiles (where the users’ diﬀerent types of queries are speciﬁed),
structured as it can be seen in Figure 2.

Figure 2. SQL tables structure and relations
The primary key id of the Keywords table is built based on the plain-text
query, by applying a .NET predeﬁned hash function and then concatenating
the resulted string with the label deﬁning the type of the diversiﬁcation algorithm applied (text-based or content-based). This is necessary in order to
5Flickr.NET: http://ﬂickrnet.codeplex.com/
6WordNet: http://wordnet.princeton.edu
7Antelope: https://www.proxem.com/en/technology/antelope-framework/
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obtain a unique ID for each pair (query type + keyword) in part. This id is
used afterwards to name a NoSQL table stored in TableStorage, which contains all the images metadata grouped in clusters, based on the type and the
value of the query.
The non-relational database provides two types of storage:
• Table Storage - stores images metadata resulted after the clustering
process in a convenient way for the following queries, which will contain
the keyword and the clustering type (text-based or content-based);
• Blob Storage stores the images required for the content clustering
process, so that the images would be downloaded a single time.
The Storage table can contain any number of tables named according to
Keywords table id and has the following ﬂexible8 scheme: PartitionKey (cluster
id), RowKey (image id), Timestamp, Similarity, Title, UrlSmall, UrlLarge.
The role of the database is to store both users and images information.
The data obtained after the clustering process will be stored in tables from
the Table Storage unit and the images used in the content-based clustering
will be stored in the Images container from the Blob Storage unit.
For the relational database, the Microsoft SQL Server technology has been
used. With the help of the Entity Framework, the entire database structure
has been created and speciﬁc methods have been used for the general data
manipulation. By using the ”code ﬁrst” technique, the database model has
been created ﬁrst: classes represented the tables and the relations among them.
By activating the Enable Migrations option, it allowed us an automatic update
of the database structure whenever the model was modiﬁed and, in addition,
it oﬀered the possibility of deﬁning a Seed method, which populated speciﬁc
tables with default data every time the database structure was updated.
Regarding the non-relational database, the solutions oﬀered by the Microsoft Windows Azure Storage - Table Storage and Blob Storage - have been
chosen. These solutions are usually used when storing speciﬁc data that do
not require a ﬁxed schema, being for this reason suitable for web applications.
Another reason taken into consideration was the need to store large amounts
of data (images) and the Blob Storage has been found appropriate to store
this kind of data.
In order to be used, the application does not require the user authentication. Nevertheless, logging into an account will let the system learn from the
user previously queries and oﬀer suggestions for the future ones.
8The non-relation databases are characterized by not using a ﬁxed scheme to create a
table. Thus, the table can contain diﬀerent types of entries (both in termes of number and
type), being a heterogeneous structure of data.
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4.3. Client. The client is the part of the application that interacts with the
user and consists in an ASP.NET-MVC4 website. Its interface provides the
possibility to register, to log in and to conﬁgure the search process (see Figure
3). When a user registers and loges in, his conﬁgurations and the queries he
previously run against the system are used to build in a user proﬁle. In this
way, the search process eﬃciency increases by obtaining the desired results,
which are classiﬁed using the stored preferences.

Figure 3. Search elements
The graphical interface is made up of a series of web pages, through which
the user can interact with the application. The application provides responsive design, a modern concept, which provides diﬀerent perspectives of the
graphic interface depending on the screen size of the device used to access the
application [14]. This aspect is achieved by using CSS media queries feature.
Communication with the server is done using two request-response methods. The navigation, the registration and the authentication services make use
of the PostBack method. For sending the queries and receiving the results,
the asynchronous PostBack method is used, known by the name AJAX9. The
advantages of using this method are: low data traﬃc by avoiding reloading the
page, better interactivity and easy navigation. There is however a drawback:
the Refresh and the Back buttons cannot be used to refresh the results or to
go back to a previous search.
By ﬁlling in and submitting a simple form, consisting in a query input
and several options for the search process, the user receives a set of images
grouped in several clusters. By clicking an image, an asynchronous request is
made to the server and the images belonging to the same cluster are retrieved
and displayed. The image associated metadata (title, description, tags, URL)
9AJAX - Asynchronous JavaScript and XML
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obtained from the Flickr social network can be viewed by accessing directly
the image.
In case of a search based on lexical analysis, the server response consists
in a list of related words, which by direct access, regular request (like the one
presented in the previous paragraph) with the selected word in the query are
made to the server.
For creating the graphic interface, several web technologies have been used,
both classic (HTML 5, CSS 3, JavaScript) and speciﬁc: ASP.NET-MVC 4
(layout pages, shared sections, Razor sintax, html helpers). The skeleton is
built in HTML 5, using Boilerplate. For the design part, the CSS3, Initializr10, jQueryUI11 and Bootstrap have been used. The functionality is provided
by pure JavaScript, but also by using JavaScript libraries such as jQuery12,
Modernizr and Bootstrap.
5. Case studies
5.1. Search based on simple text. A user wants to query the server in
order to obtain relevant images from the collection provided by the Flickr social
network. The query is text-based and the result will contain only images having
in their metadata (title, description, tags) keywords matching the query. After
receiving the images from Flickr, the clustering process begins. The clustering
technique is chosen based on the option selected by the user (Figure 3). It can
be an algorithm that clusters the images based on their annotations or their
content.

Figure 4. For keyword ”Jamaica”: a) Image clusters (in the
left) b) The images from a cluster (in the right)
10Initializr: http://www.initializr.com/
11jQueryUI: http://jqueryui.com/
12jQuery: http://jquery.com
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The results, grouped in clusters, are retrieved to the client. Every cluster
is deﬁned by a single image on the results page and can be further visualized
by clicking on the represented image (see Figure 4 a)). Every image in the
result set is characterized by several general features such as title, description,
URL, that can be viewed when the image is directly accessed (Figure 4 b)).
5.2. Search based on WordNet. In this case the user wants to perform a
search when he does not know or he does not remember the speciﬁc keyword
that characterizes the images he is searching for. For this situation he can
perform a search using word family of the keyword. In order to do that,
the user can select one of the relations available in the interface: synonym,
antonym, meronym, holonym, hypernym and hyponym (see Figure 5).

Figure 5. Available options for lexical family of a keyword
In an initial step, the lexical family is extracted from WordNet accordingly
with the selected option. In the next step the user selects the set of words
that will be used in the searching process. After that, the search process is
similar with the above case (see Figure 6).
6. Conclusions
In this paper we propose a new clustering algorithm used in the information retrieval task. The aim of this algorithm is to achieve diversiﬁcation in
the results set. The most signiﬁcant contribution comes from the clustering
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Figure 6. Lexical family of word ”car”

method which is based on DBSCAN algorithm. The main diﬀerences with
respect to this algorithm are elimination of the restriction of having to specify
the minimum number of elements to form a cluster and selection of elements
in an unelected way. Another contribution can be seen at the annotation level,
where images are grouped in an initial phase in albums (depending on length
of title) and in a second phase images from the same album are grouped using
the Levenshtein distance.
We further combine the results obtained in the searching process with
lexical analysis operations in cases where the number of results is insuﬃcient.
In this way, the user chances to obtain relevant results are increased and the
results are more diverse in the end.
For future work, we intend to extend our application and add new functionalities. First of all, we want to use algorithms able to analyze the user
query at the semantic level. Secondly, we want to extend our application to
work with other languages using speciﬁc resources or using translation services
such as Google Translate. Another future direction is building web services,
which will make our main functionalities available for other applications to
use.
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SHOTGUN SURGERY DESIGN FLAW DETECTION. A
CASE-STUDY
CAMELIA ŞERBAN
Abstract. Due to the complexity of object oriented design, its assessment becomes a time-consuming activity. Consequently, methods and
techniques are needed in order to assess the design in an automatic manner.
As a result, software metrics represent a solution, a means for quantifying those aspects considered important for the assessment. They measure
diﬀerent aspects of software and therefore play an important role in understandig, controlling and improving software quality.
This article presents an experimental evaluation of our proposed framework for object-oriented design (OOD) assessment. To emphasize the relevance of this methodology, a comparison with similar approaches found
in literature is also comprised in our case study.

1. Introduction
Object-oriented systems going through recurrent additions of functionality
commonly suﬀer a loss of quality in their underlying design [6]. A minor change
in one of its parts may have unpredictable eﬀects over other parts and may
generate possible disasters. Therefore, object-orientation should be basically
ﬂexible and easily adaptable to extending the functionality of a system, with
limited alteration to existing modules [7].
To fulﬁll this goal, assessment of the software system design should observe
well established design principles and heuristics, and should be continuing
through the entire development life cycle. The evaluation results will further
serve in identifying those design entities that need further investigation and
possible refactorings.
Due to the complexity of object oriented design, its assessment becomes
a time-consuming activity. Consequently, we need methods and techniques to
Received by the editors: October 10, 2013.
2000 Mathematics Subject Classification. 68N30, 68T37.
1998 CR Categories and Descriptors. code D.2.8 [Software Enginnering]: Metrics –
Product metrics; code D.1.5 [Pattern recognition]: Clustering –Algorithms.
Key words and phrases. Software metrics, object oriented design, fuzzy clustering.
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assess the design in an automatic manner. As a result, software metrics represent a solution, a means for quantifying those aspects considered important
for the assessment. They measure diﬀerent aspects of software and therefore
play an important role in understandig, controlling and improving software
quality.
Several approaches [1, 2, 3, 4] were found in literature that address the
problem of metrics based assessment for OOD. However, these approaches
encounter some limitations: i) how to set proper threshold values for metrics
is not addressed; ii) they lack a standard terminology and formalism in order
to deﬁne the contextual background which can also serve for metrics deﬁnition.
To mitigate these limitations, a Conceptual Framework for OOD Assessment (CFDA) has been introduced in our previous work [8]. This paper aims
to highlight the relevance of our results, presenting an experimental evaluation
of the proposed methodology for object-oriented design assessment.
The paper is organized as follows: Section 2 brieﬂy describes our previous work. The proposed experimental evaluation is presented in Section 3.
To emphasize the advantages of the CFDA, Section 4 presents a comparison
with a related approach based on detection strategies [1]. Finally, Section 5
summarizes the contributions of this work and outlines directions for further
research.

2. Proposed methodology for object-oriented design assessment
In our previous work [8] we have proposed a quantitative evaluation methodology for object-oriented design. The proposed methodology, based on static
analysis of the source code, is described by a conceptual framework which has
four layers of abstraction: Object-Oriented Design Model, Formal Definitions
of OOD Metrics, Specifications of the Assessment Objectives and Mesurement
Results Analysis.
(1) Object-Oriented Design Model. The ﬁrst layer formally deﬁnes
the domain of the assessment D(S) = (E, P rop(E), Rel(E)) of an
OOD corresponding to a software system S; this model describes the
design entities E that are evaluated, their properties P rop(E) and the
relationships between them Rel(E).
(2) Formal Definitions of OOD Metrics. The second layer consists
of a library of OOD metrics deﬁnitions. Metrics are formally deﬁned
using the context delineated for the model presented by ﬁrst layer and
expressing them in terms of algebraic sets and relations, knowledge
assumed as familiar since the ﬁrst stages of our studies.
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(3) Specifications of the Assessment Objectives. The third layer
speciﬁes in a formal manner the assessment objectives using a metrics
based approach.
(4) Mesurement Results Analysis. The last layer uses the fuzzy clustering analysis method to interpret the measurement results obtained
in the assessment process. This method overcome the limitations of
the existing approaches which use threshold values for metrics. The
selected algorithm, Fuzzy Divisive Hierarchic Clustering (FDHC) [9]
produces a binary tree hierarchy that provides an in-depth analysis of
the data set, by deciding on the optimal subcluster cardinality and the
optimal cluster substructure of the data set.
Corresponding to these layers, the proposed framework will be associated with a 4-tuple, CFDA=(OOD-Model, Metrics-Definition, AssessmentObjectives, Results-Analysis), where the acronym CFDA stands from Conceptual Framework for Design Assessment.
Figure 1 presents the elements of CFDA, emphasizing their interactions.
The proposed conceptual framework contains a predeﬁned and customizable
catalogue of software metrics. The deﬁnition of these metrics are written using
the language which describes the OOD Model. The assessment objectives are
speciﬁed using a predeﬁned catalogue of design heuristics, rules and principles,
and a set of design ﬂaws. The Results Analysis gathers data from the three
components of CFDA framework in order to establish the assessment results.

Figure 1. The four layers of OOD Assessment Framework

68

CAMELIA ŞERBAN

3. Shotgun Surgery design flaw detection. Case-study
In this section, we describe the steps needed to be performed to apply the
proposed evaluation framework on an open source application, namely log4net
[11]. It consists of 214 classes grouped in 10 packages.
3.1. Domain Assessment Identification. We parse the source code of log4net
application and produce the domain of the assessment,
D(log4net) = (E, P rop(E), Rel(E))
i.e the design entities (E), their properties (P rop(E)) and the relations between them (Rel(E)). These elements deﬁne a model for object oriented design
[1] and they are described in a formal manner in our previous work [8].
3.2. Setting the Assessment Objectives. The objective of the proposed
assessment is to identify those classes AE ⊂ E (AE - assessed design entities)
from the log4net application aﬀected by “Shotgun Surgery” [10] design ﬂaw.
In order to attain this goal we proceed as follows:
• a set of design principles, heuristics or rules DP are related to “Shotgun Surgery” design ﬂaw, deﬁning a ﬂaws–principles graph F P G =
(DF, DP, GDF 7→DP ),GDF 7→DP ⊆ DF ×DP , DF = {ShotgunSurgery}.
F P G represents the second element of the assessment objectives speciﬁcation deﬁnition, introduced in [8]; so, we aim at this step to establish
what are those design principles, heuristics or rules which could better
deﬁne the DP set.
• the elements of DP are then related to a set of software metrics M
which quantify these principles, obtaining the principles–metrics graph
P M G = (DP, M, GDP 7→M ), where GDP 7→M ⊆ DP × M .
The 3-tuple AO(log4net) = (AE, F P G, P M G) represents the assessment
objectives specification regarding the evaluation of the object oriented design
D(log4net) = (E, P rop(E), Rel(E)) corresponding to log4net application.
In order to identify the elements of the assessment objectives speciﬁcation components, AO(log4net) = (AE, F P G, P M G), we analyse in detail the
“Shotgun Surgery” design ﬂaw.
A class that is coupled to a large number of other classes and that produces a large number of changes throughout the system in case of an internal
change, can be considered a possible suspect of Shotgun Surgery design ﬂaw
[10]. Shotgun Surgery means that a change on a given class entails many
changes to a lot of diﬀerent classes. In brief, this design ﬂaw approaches the
issue of “strong implementation coupling” [1]. It is diﬃcult to spot changes
spreading over many places. Therefore, an excessive coupling has a negative
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eﬀect on many external quality attributes like reusability, maintainability and
testability.
The “open-closed principle” [12] is one of the most important principles of
object oriented design. According to this, software entities (classes, modules,
functions, etc.) “should be open for extension, but closed for modification”. It
is correlated with the principle of “low coupling”. They are both concurrent
in stating that those design entities that could propagate a lot of changes in
the system when something was changed inside them, have to be identiﬁed
and reviewed.
Another important design heuristic, related to Shotgun Surgery design ﬂaw
may be “Minimize the Number of Messages in the protocol of a class” [5].
In order to identify metrics which capture the meaning of this design ﬂaw,
further analysis of these principles and heuristics are needed. In this respect,
Marinescu [1] have identiﬁed three potential “victims” of changes in a class:
• methods directly accessing an attribute that has been changed ;
• methods calling for a method whose signature has been changed ;
• methods which override a method whose signature has been changed.
Therefore, two metrics are selected [1] to quantify the above mentioned
aspects. These metrics are brieﬂy described below:
• Changing Methods (CM) [1] is deﬁned as the number of distinct methods in the system that would be potentially aﬀected by changes operated in the measured class. The methods potentially aﬀected are all
those that access an attribute and/or call a method and/or redeﬁne a
method of the given class.
• Changing Classes (CC) [1] is deﬁned as the number of client-classes
where the changes must be operated as the result of a change in the
server-class.
To add more clarity for the above mentioned statements, Figure 2 presents
the speciﬁcation of the assessment objectives.
3.3. Formal definitions of the selected metrics. The metrics selected to
quantify the “Shotgun Surgery” design ﬂaw, CM , CC, are formally deﬁned
using the context delineated for the model presented by ﬁrst layer of CFDA
[8]. Their deﬁnitions are expressed in terms of algebraic sets and relations.
3.4. Measurement Results Analysis. The results of the assessment are a
set of design entities that were evaluated AE = AEShotgun Surgery = Class(E),
in this case the set of classes from log4net application, together with their
corresponding values of the selected metrics MShotgun Surgery = {CM, CC}.
Based on the metrics values, we will select from AE the “suspect” entities
(those classess aﬀected by “Shotgun Surgery” design ﬂaw).
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Figure 2. Speciﬁcation of the assessment objectives.
Following a classical approach we have to set thresholds values for metrics
that we use. In order to overcome this limitation, we propose an alternative
approach, based on fuzzy clustering analysis. Thus, an entity may be placed
in more that one group, having diﬀerent membership degrees.
3.4.1. Fuzzy partitions determination. Applying the F DHC algorithm, using
as input data the set of classes from log4net application, each class being
identiﬁed with a vector of metrics values, we obtain an optimal fuzzy partition,
described in Table 1. In what follows, this partition will be denoted through
UAEShotgun Surgery ,MShotgun Surgery = {1.1.1, 1.1.2, 1.2.1, 1.2.2, 2.1, 2.2}
From each cluster of the partition UAEShotgun Surgery ,MShotgun Surgery , we determined the list of isolated data points. In the case of “Shotgun Surgery”
design ﬂaw the list of entities considered isolated data points are as follows:
• 72, 183, 199 (from cluster 1.1), 63, 70, 71, 73, 170, 210 (from cluster
1.2); these entities have the CC metric value equal to 1;
• 6, 19, 24, 74, 82, 101, 112, 122, 131, 139, 172 (from cluster 2.1); these
entities have the CC metric value greater than 1, the rest of entities
having the CC metric value equal to 1;
• 48, 78 (from cluster 2.2.1); these entities have metrics values very
disimilar with the rest of entities from this cluster; they have CM=5
and CC=3, while the rest of entities have CC=1;
• from cluster 2.2.2 no isolated data points were identiﬁed.
The entities considered isolated points are removed from the clusters and
considered for further analysis. The partition obtained after the elimination
′
of isolated data points is denoted as UAEShotgun Surgery ,MShotgun Surgery and the
cardinality of this partition is 192.
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Members (ClassId)
No. of members
1 183 8 72 199
5
2 20 63 71 73 91 92 135 170 210 64 70 127
14
194
2.1
3 19 21 24 37 57 74 112 126 139 140 181 213
58
42 52 75 163 173 175 176 179 189 192 7 13
17 28 31 40 49 60 87 101 115 123 131 171
182 184 188 204 206 68 69 162 197 201 4 39
146 174 190 202 6 33 82 122 172
2.2.1
14 30 36 43 48 78 141 169 180 200 15 26 34
55
41 45 55 59 77 85 132 142 205 209 5 9 12 16
18 25 27 29 35 44 47 56 61 65 67 84 86 88
94 116 128 130 151 158 177 185 186 193 195
198 203 208
2.2.2
22 32 58 62 76 79 81 107 114 118 124 125 133
82
137 138 147 148 149 154 167 178 187 191 196
207 10 11 23 38 46 50 51 53 54 66 80 83 89
90 93 95 96 97 98 99 100 102 103 104 105 106
108 109 110 111 113 117 119 120 121 129 134
136 143 144 145 150 152 153 155 156 157 159
160 161 164 165 166 168 211 212 214
Total number of entities
214
Table 1. Optimal fuzzy partition of a set of 214 class objects.

Cluster
1.1
1.2

3.4.2. Criteria used for “suspect” design entities identification. All clusters
have been examined in order to identify which of them contain classes that are
suspects of the “Shotgun Surgery” design ﬂaw. As we have discussed earlier,
a possible suspect will have high values for the CM and CC metrics. Thus, to
avoid the problem of setting up the software metrics threshold values in order
to establish which are the clusters that contain “suspects” entities, we consider
that a cluster with suspect entities has to meet the following condition: the
member’s average values for the CM and CC metrics are greater than the
average values of the entire set of the analyzed design entities.
Table 2 presents the average values for the CM and CC metrics, com′
puted for each cluster of the fuzzy partition UAEShotgun Surgery ,MShotgun Surgery =
{1.1, 1.2, 2.1, 2.2.1, 2.2.2}, partition obtained after the elimination of the isolated data points. Thus, taking into account the above mentioned criterion,
clusters 1.1 and 1.2 have been identiﬁed as containing possible suspect entities.
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Cluster
Avrg(CM)
Avrg(CC)
1.1
94.0
1.35
1.2
40.63
5.75
2.1
10.98
1
2.2.1
3.36
1.07
2.2.2
0.3
0.30
Class(E)
8.52
1.17
Table 2. The average values of the CM and CC metrics, computed for each cluster. Clusters 1.1 and 1.2 are marked as
containing suspect entities. Class(E) represents the set of all
classes from the analized system.

Regarding the set of isolated points which were identiﬁed earlier, we can
conclude the following:
• The entities with id 63, 70, 71, 72, 73, 170, 183, 199, 210 are not taken
into account for further analysis. They have the value of CC metric
equals to 1.
• The entities with id 6, 19, 24, 48, 74, 78, 82, 101, 112, 122, 131, 139, 172
are considered suspect entities and they are selected from the cluster
2.1, 2.2.1.
In conclusion, the entities considered for further analysis are those classes
with the value of CC metric greater than 1. Their cardinality is 23 out of 214
design entities which were analyzed. They are presented in Figure 3.
The following statement argues the decision in the establishement of ﬁnal
suspects list: if, by changes, two classes aﬀect n methods, the class that spreads
its changes over more classes is worse than the one that spreads them all in
one class. Thus, the ﬁnal list of suspect entities contains classes with the value
of CC metric greater than 3 (see Figure 3.
4. Related Approaches Comparison
The current section aims to present a comparative study between our
approach on the identiﬁcation of design entities aﬀected by “Shotgun Surgery”
design ﬂaw and the similar approach proposed by Marinescu [1] which is based
on setting the threshold values for metrics used. To identify those classes from
the system, aﬀected by the above mentioned design ﬂaw, Marinescu introduced
so called “detection strategy” deﬁned by by the formula 1.
(1)

ShotgunSurgery(c) =

{
1,
0,

((CM ∈ T opV alues(20%))and(CM ≥ 10))and(CC ≥ 5)
else

SHOTGUN SURGERY DESIGN FLAW DETECTION
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Figure 3. The list of “Shotgun Surgery” suspect entities considered for further analysis.
Applying the detection strategy deﬁned before, we can conclude that:
• all entities identiﬁed as suspects by the approach of Marinescu are also
in our list of suspects;
• one entity with classId 172 identiﬁed by our approach, was not identiﬁed using the detection strategy based approach. The reason why this
was not considered as suspect by the approach of Marinescu is because
of its CC metric value (lower than 5).
5. Conclusion and Future Work
We have presented in this paper a case-study to experimentally validate
our proposed methodology for object-oriented design assessment [8]. The casestudy addressed the issue of “Shotgun Surgery” design ﬂaws detection. The
approach is based on metrics and on fuzzy clustering analysis method. To
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highlight the advantages of using our model, a comparative study with a similar approach which uses threshold values for metrics has been made.
As one of our further work we aim to propose other comparisons with
similar approaches regarding OOD assessment based on metrics.
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ANALYSING WEB USAGE WITH FORCE-DIRECTED
GRAPHS
SANDA MARIA DRAGOŞ AND ALINA MIHAELA BELDEAN
Abstract. This paper presents an analysis of web usage data by using
force-directed graphs as a visualization instrument. Web analytics instruments provide useful insights but they lack the visual representation of
referrer-referred links between different web pages.
The paper presents a work-in-progress investigation that draws its approach from the way data are nowadays analysed by visual representation.
Using this approach for this particular type of data is (to the best of the
author’s knowledge) innovative.

Graphs are widely used to visualize data structured as objects and the relationships between them. Typically they are used to represent relationships
between individuals [14] (as in social networks), traffic between distinct location [6] (in traffic networks) or relationships between genes [23] (in genetics).
This paper presents the attempt to analyse web usage data using graph
visualization.
1. Force-Directed Graphs as a Visualization Instrument
Graphs are generally drawn as node-link diagrams in which the vertices are
represented as disks or boxes and the edges are represented as line segments.
The most well-known class of node-link-based visualization techniques for general graphs is the class of force-directed methods and its derivatives [13, 19].
The usefulness of the graph representation is dependent on the aesthetics of
the drawing. Therefore, there are many studies that tried to improve the
graph aesthetics by minimizing the edge crossing, evenly distributing vertices,
and the depiction of graph symmetry [18].
Force-directed methods consider graph nodes so that all edges are of more
or less the same length. To reduce the edge crossing, there are assigned forces
Received by the editors: October 29, 2013.
2010 Mathematics Subject Classification. 68T30 Knowledge representation, 68P20 Information storage and retrieval.
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that make edges to behave like springs and the nodes to behave like electrically
charged particles. Therefore, the edges have forces that attract the nodes,
while the nodes have forces that reject all other nodes. The entire graph is
then simulated like a physical system. Computational complexity and layout
stability issues emerged. They were treated by various approaches [20, 16, 21].
There are a multitude of software, systems and providers of systems for
drawing graphs. Some of them are:
• Cytoscape: an open-source software for visualizing molecular interaction networks [26];
• Gephi: an open-source network analysis and visualization software [3];
• Graphviz; an open-source graph drawing system from AT&T Corporation [12];
• Mathematica: a general purpose computation tool that includes 2D
and 3D graph visualization and graph analysis tools [1];
• Microsoft Automatic Graph Layout: a .NET library (formerly
called GLEE) for laying out graphs [25];
• Tom Sawyer Software: Tom Sawyer Perspectives is a graphics-based
software for building enterprise-class data visualization and social network analysis applications. It is a Software Development Kit (SDK)
with a graphics-based design and preview environment [22];
• Tulip: (software) [2];
• yEd: a widely used graph editor with graph layout functionality [27].
There are also a number of JavaScript libraries deploying force-directed
graph layout algorithms. Some of them are:
• Springy.js: a force directed graph layout algorithm in JavaScript [17];
• Protovis: a free and open-source (provided under the BSD License)
graphical toolkit for visualization. It uses JavaScript and SVG for
web-native visualizations. [5]. The Protovis team is now developing a
new visualization library, D3.js, with improved support for animation
and interaction.
• D3.js: a JavaScript library for visualization of data [4];
• Graph JavaScript framework: is a freely distributable library under the terms of an MIT-style license [15]. The algorithm is based on
a spring-style layouter of a Java-based social network tracker PieSpy
written by Paul Mutton [24].
2. Graph JavaScript framework
This paper presents such a study by using the Graph JavaScript framework, version 0.0.1 [24]. This instrument positions each node from the graph
in the origin of the coordinate system and then it computes the repulsiveForce
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and the attractiveForce as depicted in Listings 1 and 2 to rearrange the nodes
for a optimal visualization.
At first all nodes are placed on (0, 0) coordinates, after which on each node
are applied node-node repulsion forces and edge attraction forces to reposition
them. In order to compute the repulsion force between two nodes, the square
of the distance between those nodes (i.e. d2 = d2 ) is computed. If this distance
is less than 0.1 (i.e. d2 < 0.01 as described in Listings 1, line 5) a new, random
distance will be considered for recomputing the new positions of those nodes.
The repulsive force will modify the position of the current nodes only if it is
below a predefined threshold called maxRepulsiveForceDistance.
1
3
5
7
9
11
13
15
17

Listing 1. The implementation of the repulsiveForce
l a y o u t R e p u l s i v e : function ( node1 , node2 ) {
var dx = node2 . layoutPosX − node1 . layoutPosX ;
var dy = node2 . layoutPosY − node1 . layoutPosY ;
var d2 = dx ∗ dx + dy ∗ dy ;
i f ( d2 < 0 . 0 1 ) {
dx = 0 . 1 ∗ Math. random ( ) + 0 . 1 ;
dy = 0 . 1 ∗ Math. random ( ) + 0 . 1 ;
var d2 = dx ∗ dx + dy ∗ dy ;
}
var d = Math. sqrt ( d2 ) ;
i f (d < this . maxRepulsiveForceDistance ) {
var r e p u l s i v e F o r c e = t h i s . k ∗ t h i s . k / d ;
node2 . layoutForceX += r e p u l s i v e F o r c e ∗ dx
node2 . layoutForceY += r e p u l s i v e F o r c e ∗ dy
node1 . layoutForceX −= r e p u l s i v e F o r c e ∗ dx
node1 . layoutForceY −= r e p u l s i v e F o r c e ∗ dy
}
}

/
/
/
/

d;
d;
d;
d;

In this case (i.e., if the condition on line 11 from Listings 1 is true) the
repulsiveForce is established by the equation (1), where k is a constant.
k2
d
In the case of attractive forces exercised by an edge, the same procedure is
done by determining the value of the distance d between the nodes connected
by the current edge, as depicted in Listings 2. However, in the case in which
d exceeds the established threshold (i.e., maxRepulsiveForceDistance), d will
be considered to be this threshold.
(1)

repulsiveF orce =
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Listing 2. The implementation of the attractiveForce
l a y o u t A t t r a c t i v e : function ( edge ) {
var node1 = edge . s o u r c e ;
var node2 = edge . t a r g e t ;
// t h e d2 computation phase ( a s p r e v i o u s l y )

6
var d = Math. sqrt ( d2 ) ;
i f (d > this . maxRepulsiveForceDistance ) {
d = this . maxRepulsiveForceDistance ;
d2 = d ∗ d ;
}
var a t t r a c t i v e F o r c e = ( d2 − t h i s . k ∗ t h i s . k ) / t h i s . k ;
i f ( edge . w e i g h t == u n d e f i n e d | | edge . w e i g h t < 1 )
edge . w e i g h t = 1 ;
a t t r a c t i v e F o r c e ∗= Math. l o g ( edge . w e i g h t ) ∗ 0 . 5 + 1 ;

10

14

node2 . layoutForceX
node2 . layoutForceY
node1 . layoutForceX
node1 . layoutForceY

18

−=
−=
+=
+=

attractiveForce
attractiveForce
attractiveForce
attractiveForce

∗
∗
∗
∗

dx
dy
dx
dy

/
/
/
/

d;
d;
d;
d;

}
The computation of the attractiveForce is established by the formula depicted in equation (2), where edge.weight ≥ 1 (see lines 13-14 from Listings 2).
 

 2
log edge.weight
d
−k ×
+1
(2)
attractiveF orce =
k
2
If the edge.weight is undefined or less that unity, it is considered to be
unity. Therefore, supra-unitary edge-weighted graphs are also processed by
the Graph JavaScript framework.
3. Force-Directed Graphs for Web Usage Analytics
Graph visualization is used to interpret a large range of data. However,
web usage data is not yet (to our best knowledge) interpreted using such
instruments. Typically, web usage data are interpreted using web analytics
instruments. However, there are relationship-based data that would benefit
from a graph visualization. One example is the referrer-referred relationship
between the visited web pages. The sites used for this analysis are:
• http://www.cs.ubbcluj.ro/∼sanda the author’s website containing personal, but mostly teaching and research information.
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• PULSE a PHP Utility used in Laboratories for Student Evaluation [7,
8, 9]. The web usage of PULSE was also analysed using a Web Analytics [10] and Formal Concept Analysis [11].
The graph is constructed using referrer-referred pairs of web-pages to describe an edge between two nodes as depicted in Figure 1.
ht
t
p:
/
/
www.
googl
e.
c
om/
s
ear
c
h
~s
anda?per
s
onal

Figure 1. Edges as links between referrer-referred pairs of nodes
The web usage data used for these tests are the same as in the Formal
Concept Analysis presented in paper [11]. This was done intentionally in
order to have two perspectives in interpreting the same data set. Therefore,
the analysis was performed on the data collected from the two months of the
last academic year (i.e. April and May of 2012). The data, however, was
pruned by the entries that did not contained a referrer. The first test result
for the entire data set (i.e., PULSE and ∼sanda web accesses) is presented
in Figure 2. There were a significant number of accesses on PULSE presented
as the circular conglomeration of blue nodes from the bottom-left corner of the
graph represented in this Figure. That is because PULSE is used on regular
bases for the work within laboratories and for consulting the teaching related
material on anytime, anywhere bases. The green nodes represent ∼sanda
pages as either the web accessed pages or the referrer pages for other PULSE
or ∼sanda pages. The yellow nodes are referrers from the web server of our
department (i.e., starting with http://www.cs.ubbcluj.ro but different from
PULSE and ∼sanda pages). The red nodes are all others referrers (i.e.,
from other sources).
For the next test there were considered only ∼sanda pages visited. The
results are presented in Figure 3. As this graph contained less nodes and
therefore it is more readable an arrow point was introduced to denote the role
of the referrer or referred of a node.
Here it can be observed that the ∼sanda?interests pages form distinct
formations which are referred directly by external nodes.
There are also google queries which leaded to ∼sanda pages, denoted by
gray nodes, which refer the ∼sanda?personal and ∼sanda?photos pages.
The blue (i.e., PULSE) nodes are all referrers to ∼sanda node-page. This node
is also the most referred node being placed in the middle of its formation. That
may be also because this page in the homepage of the site. Other important
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Figure 2. All logged data that had a referrer

Figure 3. ∼sanda referred data
nodes which are often referred are ∼sanda?teaching, ∼sanda?publications,
∼sanda?contact and ∼sanda?photos.
For the next set of tests there were considered the PULSE referred pages.
As there were too many such nodes, the PULSE related data was split based
on the following contexts:
• PULSE accesses before or after the login session;
• PULSE accesses during the login session:
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– PULSE used by students;
– PULSE used by teacher.
Based on the tests done on the same set of data by using Formal Concept
Analysis, students used PULSE in proportion of almost 40%, which in this
case means 8334 accesses. The teacher using PULSE accessed it 434 times
(=2.08%). The rest of 58.07% accesses (i.e., 12142 accesses) appear under the
‘no login’ label.
The results from the PULSE accesses done before and after the login session (i.e., for which there is no login value) are depicted in Figure 4.

Figure 4. PULSE referred data before or after the login phase
Here it can be observed that the most accesses without a login are done on
the PULSE homepage or after the PULSE actors have accessed the PULSE’s
logout functionality (i.e., a PULSE?*&logout page). Other PULSE pages
were also accessed either when the session expired or if it was accessed a
direct link to a PULSE page from an external page. The latter is the case
of the PULSE?SO1 or PULSE?PW page which had a direct link from the
∼sanda?teaching page. In all these situations the users are directed to the
login PULSE page.
The next tests were performed on the PULSE data collected after PULSE’s
actors successfully passed the login phase. This results are shown in Figure 5. The most referred page was the PULSE homepage, which was also
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the most referred by sites outside PULSE. The majority of those pages were
∼sanda?teaching ones. However, direct links to the Operating Systems lecture material (i.e., PULSE?SO1&cursuri) were made also from facebook
and mail.yahoo.

Figure 5. PULSE referred data during the login session
Other PULSE pages that were often referred relate to the Operating System (i.e. SO1 ) taught subject. As in the recorded semester (e.g. from February to June 2012), the subject studied was SO1 (i.e., Operating Systems) this
result is justifiable. The Formal Concept Analysis gave the number of 7015
accesses. What is interesting to observe here is that the other subjects (i.e.,
AC, WP, PW), although studied in the previous semester are still revisited.
This is surprising because students were examined on those subjects and they
still return to revisit the information posted there.
The next phase in our testing is to split these PULSE accesses based on
its actors. Therefore, Figure 6 shows the PULSE accesses done by students.
Here, as in the Formal Concept Analysis investigation, we wanted to check
how well PULSE performs for the task that it was designed for: to see if
students access the information provided. The distributions presented here
confirmed our expectations. PULSE was designed as support instrument for
laboratories and lectures. Therefore, the most accessed page was the PULSE
homepage, with a percentage of accesses obtained from the Formal Concept
Analysis of 47.64%. This page loads just after the login phase and contains
general information for students, such as:
• the name of the authenticated person;
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Figure 6. PULSE used by students
• the group of the student;
• notifications/announcements from the teacher;
• for each laboratory specific information such as:
– the week within the semester and corresponding calendar dates;
– the name of the concept studied;
– the corresponding assignment reference;
– the mark if the assignment was handed;
– and the attendance status
• lab activity (i.e., average score and the total number of attendances)
• the marks for the practical and written exam (at the end of the semester) as well as the final mark.
Therefore, this page is visited very often. There are other facilities offered by
PULSE which can be depicted in Figure 6. The PULSE?*&anunturi page,
which was accessed by students (as determine by the FCA) 69 times. This page
which contains all notifications/announcements made by the teacher for that
specific subject. The last announcement is always posted also on the ‘PULSE
homepage’. The ‘faq’ (Frequently Asked Questions) page was accessed 22
times, while only one student access was made to send a feedback. All these
pages are at the edge of the graph, being scarcely accessed, compared with
the highly connected pages from the centre of the graph.
As also shown in Figure 6, the most visited lecture related pages are those
containing the theoretical support (i.e., PULSE?SO1&cursuri). Then, there
are the test papers (i.e., presented as the PULSE?SO1&lucrari node) during
lectures and their results (including statistics and explanation how their marks
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will help the student). Similar with lectures, the PULSE?*&lab pages contain the technical support presenting the required concepts and examples. To
better understand the concepts, students are given ‘assignments’ represented
by the PULSE?SO1&assignmet node.
PULSE facilities offered for teachers are presented in Figure 7.

Figure 7. PULSE used by the teacher
The main PULSE facilities, in their most accessed order are:
• markAssignments - is to mark student scores (the most used PULSE
facility, in the proportion of 39.40% according to the FCA analysis);
• lectures - check the course support (in the proportion of 11.29% according to the FCA analysis);
• markAttendees - mark student attendances (in the proportion of
11.06% according to the FCA analysis);
• labs - check lab support (in the proportion of 5.07% according to the
FCA analysis);
• addAssign - assign random tasks for students (in the proportion of
4.38% according to the FCA analysis);
• studentList - list all students with their marks, attendances and final
scores (in the proportion of 3.00% according to the FCA analysis);
• lecturePaper and lucrari - list all students which have lecture paper
marks (in the proportion of 1.61% according to the FCA analysis);
• addNews - add notifications/announcements (in the proportion of
0.92% according to the FCA analysis).
There are also other PULSE pages, not regarded by FCA: changeSubject
page, which is also considerably accessed.
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4. Conclusions and Future Work
The insights brought by the new way of investigation of web usage data
allowed to visualize the way in which pages are visited, from where and in
which order. Also, the results showed that the most visited and highly linked
pages were placed in the centre of the forced-directed graph while the other
pages were placed on the edge of the graph. These results also concurred with
the ones obtained by analysing the same set of data with the Formal Concept
Analysis. These results were published in [11].
For a further research, we would like to investigate the forced-directed
graphs extended by the use of some of the social networks measures such as
betweenness, centrality and clustering.
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PERFORMANCE AND RELIABILITY IN THE
DEVELOPMENT OF A DECORATOR BASED
COLLECTIONS FRAMEWORK
V. NICULESCU
Abstract. The paper presents some problems and their corresponding
solutions encountered during the implementation process of a framework
for collections defined based on features. The design is extensively based on
the Decorator pattern in order to allow dynamic composition of the features
that characterize a data structure. The Decorator pattern is combined with
other patterns such as: Proxy and Template Method. The presentation
is ruled by the different categories of features that could be added to a
collection. Issues related to performance and efficiency are analyzed for
each category of features.

1. Introduction
In the paper “A Decorator based Design for Collections” [5] a new design
for a framework for collection data structures has been proposed.
The design is directed by the reason of creating a framework easy to use
and extend. The main idea a of the framework is the following:
Anytime a feature could be added to a collection and then could be removed.
We considered a feature as being a distinctive property that characterizes
the behavior of a collection – an operation or a set of operations with defined
arguments, together with their semantic expressed by a clear specification. It
is something that fundamentally characterizes the collection behavior [5, 4].
The design is based on the Decorator pattern [1], in order to allow dynamic
composition of the features that characterize a data structure. The Decorator
pattern is combined with Proxy pattern [1], since the features could be easily
implemented by adding prefix and suffix operations that precede and succeed
Received by the editors: September 20, 2013.
2000 Mathematics Subject Classification. 68P05.
1998 CR Categories and Descriptors. E.1 [Data]: Data Structures; E.2 [Data]: Data
Storage Representation .
Key words and phrases. data structures, collections frameworks, genericity,
representation.
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the initial operations. Also, Template Method pattern [1] is useful for implementing and using these operations. The design introduces an order in using
the collections, but also in developing new extensions. This is achieved while
the scalability is preserved.
In order to validate the emphasized advantages of this design approach,
concrete implementation is needed. This paper presents the problems and
their solutions, which occurred during the first iteration of the implementation
process (the implementation is done in Java language). Section 2. reviews the
proposed design, the following three sections present the problems encountered
during the implementation process, and how their solving was directed by the
performanace and reliability desiderates. The last section presents conclusions
and further possible improvements that could be considered.
2. The design review
The design makes a clear distinction between Storage Capability and Specialized Behavior of each collection type [5, 3, 2].
For a collection, the storage is set by using a fundamental data structure,
and the behavior is determined by the added features.
The implicit properties of each collection type are following:
• memory representation,
• iterability, and
• searchability
The interface IStorage, which extends Iterable interface, defines this contract.
In order to create a new kind of containers a linear combination of features
can be used. Each feature is wrapped around the previous feature, or storage
(storages could be seen as basic features).
Some of these features are symmetric – could be combined in any order without changing the result. Examples of this type are: Unique and
DeepOwnership.
In Table 1 the considered features are presented.
Level
4
3
2
1
0

Features

Symmetry
Ranked, Stack, Queue, PriorityOueue, Map, DMap, OMap no
Synchronized,Unmodifiable
no
Unique, FlagDeletion, DeepOwnership, Searchable
yes
Sequence, SortedSequence, Heap, BSTree, Hashing
no
all the storages types
no
Table 1. Features and their level based classification.
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Figure 1. Storages classes: a subset.
Features like Stack, Queues or PriorityQueue have all in common the fact
that they use a special rule (LIFO, FIFO, etc.) in order to extract the elements from their storage. They are specializations of a more general feature
RuleBasedExtraction. Also, there are other similar features – we may call them
hidden – which are not used directly by the user, but their role is to denote a
common behavior of others; other examples: Comparison, EmptyStorage.
3. The Base of the Implementation
3.1. References and Iterators. Linked memory allocation implies the possibility to create different, sometimes complicated, structures, and so it is used
by several categories of storages – linear lists, trees, etc. The linked memory
representation is based on working with references, and in order to obtain
a correct level of genericity (which has to be high), the implementation was
based on an abstraction IReference that corresponds to the logical definition
of a reference:
Definition 1 (Reference). A reference is considered to be any value that
could be used in order to obtain another value. Examples of references are:
memory addresses (pointers), indices in a table, linked nodes, etc.
public interface IReference<T>{
T getInf();
void setInf(T e);

90

V. NICULESCU

Figure 2. References and different iterator types.
}

This definition of references allows us to treat uniformly all the fundamental structures with linked representation: lists singly and doubly linked,
trees, etc. The common behavior of linked structures is extracted into the
class LinkedStorage<T.
In order to assure the compatibility of the framework with JFC collections, the basic Java interfaces from the package java.util: Iterator and
Iterable are used. The class Storage implements Iterable interface, and all
the iterators implements Iterator interface.
An important difference is given by the fact that, in the context of this
framework, iterators are also references, since they correspond to the reference
definition.The linked storages are based internally on Nodes classes which also
implement IReference; but the linked storages interfaces use only IReference
type. In this way, nodes and iterators could be both used instead of references
– depending on the context.
Because of this, the interface RWIterator (which is implemented by all iterators in the framework) extends the both interfaces Iterator from java.util
package, and IReference.
A bidirectional, reading and writing iterator is defined through the interface RWBIterator, and this defines operations such as insert and moving
forward and backward.
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In order to simplify the implementation of new concrete iterators, corresponding abstract classes RWIteratorA, RWBIteratorA offer partial implementations of the iterators contracts.
3.2. Specialized Containers as Decorators. The specializations of the
containers are defined as Decorators, and the root decorator class is
SpecializedContainer<T> that extends Storage<T>, but which also uses a storage of type Storage<T>. Each feature will be introduced as a decoration of the
storage.
This class defines template methods for each independent methods of the
class Storage<T>. These methods call the proxy methods that precede and
succeed the calls of the Storage<T> methods.
For example the definition of the method add inside the class
SpecializedContainer<T> is as follows:
public IReference<T> add(T e){
// template method:
e = prev_add(e); // previous action before support.add operation
IReference<T> real_add = null;
if (e != null)
real_add = support.add(e); //the add operation on the support
e = post_add(e); //// successive action after support.add operation
return real_add;
}

In this way it is assured that if the element has been added, then a not null
reference on the added element is return; usually this reference is of iterator
type.
When we define a container with several decorations, the proxy methods
of each decoration is called in a chain. It is possible to define a container as
follows:
Storage<Integer> s =
new Deco1<Integer>(new Deco2<Integer>(new Array<Integer>())));

If we want to add an integer (for example the value 4) we have:
s.add(4);

In order to define a set we have to assure the fact that no duplicates are
included into the container. Unique defines a decoration that assures this fact.
This could be easily implemented using these proxy methods, more precisely
by defining the method prev add as follows:
public T prev_add(T e) {
Iterator<T> it = search(e);
if ( it==null) return e; //the element was not found so it could be added
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return null;
}

A container could be modified not only directly by sending corresponding
methods to it, but also through an iterator built over it. Because of this the
proxy methods have to be used by the iterator operations, too.
An iterator of type RWIterator has the methods remove, and setInf that
modify the iterated container. For changing the current element, the proxy
methods used for adding could be used. In order to assure that the proxy
methods are called, TemplateMethod design pattern is used. The abstract
class RWIteratorA defines the template methods, and all concrete iterators of
the concrete storages extend this class. For a bidirectional iterator, the method
insert uses a similar solution based on the abstract class RWBIteratorA.
4. Performance and reliability when adding a new decoration
When we are implementing some features, it is possible to improve the
efficiency by working directly on the base support storage.
For example Ranked extends the common container interface with the following
methods:
•
•
•
•

int getRank(T e)
T getElem(int index)
void setElem(T e, int index)
T remove(int index)

The rank of an element is equal to its rank in the list that results by
iterating the container. For a basic storage of type Array these operations
are very fast (time-complexity equals to (O(1))), since we have direct access
based on the index. If we base our implementation on iterators the resulted
time-complexity is linear.
In order to obtain a good performance we have to use the specific methods from Array class if the base support is of this type. Using a method
getBaseSupport() of the class SpecializedContainer we may obtain the basic
support and verify its type. Also, using a similar approach we may obtain the
list of all existing decorations.
The solution seems to be very simple, but it has an important problem.
By extracting the base support we eliminate the features that decorates our
container, and so the proxy methods prev add, post add, etc. of all the eliminated features will not be called.
We may solve this by storing the list of all features that were removed
when the base support was extracted.
Based on this list we may directly call all the proxy operations.
In order to simplify and to collect this behavior, a new decoration class
is defined FeaturesStorage. This memorizes a list of features, and redefines
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the proxy operations. For example, the method prev add is overridden as
following:
public T prev_add(T e){
return direct_call_prev_add(e,features_list);
}
protected T direct_call_prev_add(T e, Array<Storage<T>> features_list){
for(Storage<T> s: features_list)
e = s.prev_add(e);
return e;
}

For successive proxy methods (post) the calls are done in reverse order.
Remarks
• The class FeaturesStorage could induce the impression that the infrastructure based on Decorator pattern is not necessary since we may just
define a list of desired features and then create the corresponding kind
of storage. The infrastructure based on Decorator pattern is important
in order to achieve the proposed flexibility that allows features to be
dynamically added or removed.
• “What if the FeaturesStorage is created twice for the same container?”
Such a thing could happen when a certain feature is searched for (e.g.
Sequence). In this case we have to take care if there is a decoration
of type FeatureStorage, and to search inside this decoration, too. The
problem could be solved by defining a union operation over the instances of the class FeatureStorage.
• If the order in which the decorations are added is appropriate, then in
many cases FeatureStorage is not necessary.
• “What if the decoration that has produced a FeatureStorage instance
is removed?” The method removeDecoration() that eliminates the top
decoration is responsible to restore the collection state at the its state
before the decoration has been added. This could be easily achieved
by overriding the method correspondingly in each decoration class.
5. Sequences
The interface ISequence characterizes a sequence; it specifies that there is
a first element, a last element, and also, that a reading, writing, bidirectional
iterator could be created on a sequence; the bidirectional iterator respects the
order of the elements of the sequence, and assures that, for each element, we
may obtain the previous and successive elements if they exist.
If the base support is a storage of type ISequence then the Sequence feature
could be added; otherwise an exception is thrown. The base sequence seq is
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extracted and all the methods that characterize a sequence are sent to this
object seq. As for the Ranked feature case, the same problem related to the
eliminated features appears. The solution is based again on direct calls of the
proxy methods, by using an instance of type FeaturesStorage.
Still, there is another problem related to the bidirectional iterator. The
returned iterator is the iterator on the base sequence. The iterator works
directly on the base sequence, and so no proxy operations are called when
remove, insert or setInf operations of the iterator are called. This could be
solved by creating a proxy iterator that adds and uses a list of features when
redefines the methods.
The proxy class is FRWIteratorA<T>, which extends the class RWIteratorA<T>;
a simple iterator it of type RWBIteratorA<T> is wrapped inside and all the methods are redefined. For example, the implementation of the method setInf of
the iterator is as follows:
public void setInf(T e){
e = fs.prev_add(e);
if (e != null)
it.set_o(e);
fs.post_add(e);
return ;
}

( f s stores the FeaturesStorage object that stores all the extracted features.)
Sequence feature is important since other decorations as Stack and Queue
are based on it. The stacks and queues are sequences with special input/output
principles.
5.1. Stacks and Queues. These kinds of structures are sequences with special input/output principles, and so the derivation of their corresponding
classes is done from Sequence class.
The interface IRuleBasedExtraction specifies two operations:
-: extract():T
-: toBeExtracted():T
There are several possible rules that could be used for defining the next
element to be extracted:
-: LIFO - Last In First Out – used by the stacks;
-: FIFO -First In First Out – used by the queues;
-: the element with greatest predefined priority – used by the priority
queues.
Performance issue: For stacks, we may improve the performance by
transforming the sequence into a reverse sequence, if necessary. A reversed
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sequence is obtained from a sequence by changing the order of the elements:
the first becomes the last, the last becomes the first, and all the other elements
are reversed. If the base storage is Array then it is more efficient to add and
extract the elements to/from the end; if the base storage is a LinkedList then
it is more efficient to add and extract elements in the front of the list.
The priority queue decoration could add an intermediate Heap decoration.
Reliability issue: Since for the stacks and queues we have special input/output principles it is necessary to modify their content only through
add and extract operations. In order to assure this, the method post iter()
transform the iterator over this kind of structures into an iterator of the type
SimplifiedIterator (which is only a reading iterator). Also, classical container operations such as remove and search are excluded by defining the
appropriate prefix proxy operations ( proxy operations for these always return
null).
6. Collections with Comparable elements
The storages that stores comparable elements have to define a comparison method. This comparison method is either based on Comparable interface, or on a Comparator instance (from java.util). This behavior is defined as a decoration implemented in the class Comparison. This class stores
a Comparator member – comp (implicitly initialized with null), and defines a
protected method compare that uses the comparator - if such comparator is
defined, or uses the natural order defined based on Comparable interface.
6.1. Sorted Sequences. The sorted sequence decoration specializes Comparison
decoration. First action that is induced by this decoration is to add implicitly
a decoration of type Sequence over the support storage (if this is not already
present).
For adding a new element in this kind of storage, the insert method of a
bidirectional iterator is used. Using the iterator, we find the correct position
of the new element, and then the element is inserted correspondingly.
In order to assure that the correct order of the elements, could not be
affected, the iterator created on this kind of storage is a SimplifiedIterator
that is only a reading iterator.
6.2. Searchable Collections. As we have mentioned in the Section 2 we
decorate a collection with Searchable decoration when we need a searching
operation with a time-complexity better than the implicit linear one (obtained
using iterators).
Searchable decoration class verifies and assures (by adaptation if it is the
case) that the existing storage is an efficiently searchable one.
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There are several possible cases:
• If there is one of the following decorations: BSTree<T> or Hashing<T>,
then the storage is searchable, and nothing else should be done.
• If the base storage has the type Array<T> and if it has a decoration
of type SortedSequence<T> then a binary search algorithm could be
defined and used (this is a case for which the search method is overridden).
• If the base storage has the type Array<T>, and it doesn’t have a Comparison
decoration, then Hashing (based on an open addressing hash table implementation) decoration is added, as the innermost decoration.
In conclusion, Searchable decoration could transform, in some cases, the
container, by adding additional decorations. This is an example of self-adaptation
of a collection.
7. Synchronization
In order to solve the synchronized access to a data structures, we have
considered in the definition of the Storage class, an integer field that store the
number of threads that share this container as a common resource. This field
is memorized for all the containers, but the space-complexity is insignificantly
changed.
For a proper synchronized behavior, the decoration done with Synchronized
class is necessary. The proxy methods are used, and they are redefined for each
operation that modifies somehow the container. The prev operations wait for
the monitor, and post operations release it.
A container could be modified also using iterators, but the methods from iterator such as remove or insert use the proxy methods pre remove, post remove,
respectively pre add, post add. So, if the synchronization is done using these
methods this means that the modifications through the iterators are also synchronized.
Of course, that if we work with different iterators from different threads
and we modify the container, we could arrive to improper state situations.
For example, one thread deletes an element which is currently pointed by an
iterator from another thread; after the deletion the state of the iterator of
the second thread will be in an improper state. This compromise is accepted
by current implementations of the specialized synchronized variants of the
collections from JCF. The user is responsible for using iterators only inside
complete synchronized blocks - from the beginning of using them to the end.
We have the possibility to force this constraint in our framework by redefining the proxy methods for getting iterator: prev iter and post iter, in

DEVELOPMENT OF A DECORATOR BASED COLLECTIONS FRAMEWORK

97

Figure 3. The IMap interface.
the Synchronized decoration class. The method prev iter obtains the synchronized access, and the method post iter transforms the iterator to be returned
into a synchronized iterator. The class SynchronizedIterator is just a simple
wrapper class for RWIterator<T>.
We have also to add a method releaseContainer that releases the container
monitor, when the iterator is not used anymore.
Still, even in this case, it is the user responsibility to call this method, in
order to let other threads to have access to the container.
A possibility to force this release would be to define for this synchronized
iterator class a finalize method that release the container monitor. Still, the
solution is not practical in Java, since the moment of finalization is not known
for an object.
8. Associative collections
The main representative for associative collections are the map or dictionary collections. The interface IMap<X, Y>, where X represents the type
of keys, and Y the type for the values (Figure 3) defines the corresponding
contract.
We could create concrete map classes starting from the SpecializedContainer<T>
in different ways (Figure 4):
(1) to replace the generic type <T> with a MapEntry<X,Y> type, and so
creating containers with elements that represents pairs of keys and
values; the resulted class is Map<X,Y> that extends the class
SpecializedContainer<MapEntry<X,Y>> and implements IMap<X,Y>;
(2) to create a class that aggregates two storages: one for keys of type
T (inherited from the super class), and another for the associated
values of type V; the resulted class is OMap<T,V> that extends the class
SpecializedContainer<T>, and implements IMap<T, V>;
(3) to create a map class with keys of type K and values of type T,
which extends SpecializedContainer<T>, and implements IMap<K,T>.
In this case a class RefElem which extends MapEntry<K, IReference<T>>
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Figure 4. Classes that implement the IMap interface.
is used; this means that for each key we store a reference to the corresponding value.
class DMap<K, T> extends SpecializedContainer<T> implements IMap<K,T>

If we use the first variant for creating a map, it is required to explicitly use
the type MapEntry (his could be considered as a disadvantage). For example:
Map<Integer, String> mp= new Map<Integer,String>(
new SortedSequence<MapEntry<Integer,String>>(
new Unique<MapEntry<Integer,String>>(
new DynSLinkedList<MapEntry<Integer,String>>()),
new MapComparator<Integer,String>( new IntComparator())));
mp.add(10, ”zece”);
mp.add(8, ”opt”);

If we want to create a sorted map, we should provide a MapComparator<X,Y>
which could be created based on a simple Comparator<X> on the keys type.
The last variant (from the enumerated possible variants) allows us to decorate an existing collection by adding to each element a key, which assures a
fast access to the value. The class DMap aggregates an instance of type Map<K,
IReference<T>> where the keys are stored. This instance could be created using different storages, but storages based on hash tables or binary search trees
are very advantageous.
The time-complexity of adding operation is obtained as a sum of the timecomplexity of the adding the value in the base support and the time-complexity
of adding the key into the associated support. For the support of the keys it
is important to assure a searchable decoration, and this could lead to a timecomplexity for adding of O(log n). For values, any support is acceptable - so
a time-complexity of O(1) is easy achieved.
The difference between the last two approaches – one based on OMap and
the other based on DMap – could be expressed by the following statement: in
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the first approach the keys are decorated with values, and in the other the
values are decorated with keys.
FlagDeletion feature decorates the storage with OMap, which add boolean
values to each element (which represent the keys). A false value represents
the fact that the element was marked for deletion.
9. Framework usage
As we have specified before, the framework allows the creation of new
collections by specifying in a proper order the characteristic features. We will
give few examples.
Example 1. [Set+Tree]
If the user needs a sorted set collection, with a fast searching method, he/she
may create it with the following statement:
IStorage<Integer> set =
new Unique<Integer>(
new BSTree<Integer>(
new DynLinkedTree<Integer>()));

If after a while a synchronized access it is necessary, the set could be
wrapped as:
set = new Synchronized<Integer>(set);

The synchronized access could be removed by using:
set = ((SpecializedContainer<Integer>)set).removeDecoration();

Example 2. [Features of the highest level]
If the user needs a stack of integers, he/she may create it with the following
statement:
Stack<Integer> stack =
new Stack<Integer>(
new Array<Integer>());

We may notice that the object stack should be declared as having the type
Stack, not as a general IStorage.
If after using the stack for the initial purpose, based on the LIFO principle,
the stack is not empty, the same object could be used as a simple collection:
IStorage<Integer> sup_stack= stack.removeDecoration();

If for elements which have been remained in the collection we would like
to have a direct access based on the rank, we may add Ranked feature:
Ranked<Integer> rank_coll = new Ranked<Integer> (sup_stack);
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for (int i =0 ; i<rank_coll.size(); i++){
System.out.println(”the next element in the stack”+ rank_coll.getElem(i));
}

10. Conclusions and Further Work
The presented framework is based extensively on the Decorator pattern in
order to allow dynamic composition of the features that characterize a data
structure. In this way we may add or remove a feature dynamically. Also,
Proxy and Template Method design patterns ware used for defining specialized
operation based on their basic variants.
Since is based on a constructive way for defining behaviors, the presented
approach eliminates the need for “Fat Interfaces” that JFC builders used [7].
In order to be useful, a collection framework should not only have a nice
design that could lead theoretically to important advantages, but should also
be efficiently implemented, and issues as performance and reliability should
be treated carefully. The implementation process of the proposed framework
was leaded by these desiderates.
In order to increase the performance, the framework defines some adaptations to be done automatically in certain situations. In this way, it is not only
the responsibility of the user to know, and to combine properly the possible
features.
The implementation problems and their solutions, encountered in this first
stage of the framework implementation, were presented here. Further improvements could be surely introduced, and it is possible to emphasize other possible
automatic adjustments. Further work includes other similar improvements.
For a proper validation, testing activity is very important, too. So, the
next step would treat the problem of testing, which should be based on very
well analyzed and defined set of test-cases. Concrete performance comparisons
with other existing similar frameworks (at least with JFC) are going to be
conducted, in order to have a complete evaluation of the utility of the proposed
framework.
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OPTIMEASURE: A MOBILE IMPROVEMENT
ALTERNATIVE TO CLASSIC OPTICAL MEASUREMENTS
ADRIAN SERGIU DARABANT, MIHAI CLAUDIU ISPAS, AND DIANA BORZA
Abstract. This paper presents a novel approach to measure the most important morphological parameters needed for any eyeglasses prescription,
with an error less than one millimeter. OptiMeasure is an Android application that successfully replaces the inaccurate and error prone traditional
instruments used in optometry. The measurement process is performed in
a few quick and fully automated steps, without the need of supplementary
optical equipment, other than the tablet itself. We proposed original measurement corrections in order to obtain the results as accurate as possible.
The final results of our system were validated against those obtained with
a calibrated measurement device.

Key-Words: image processing, optical measurements, mobile applications, optometry
1. Introduction
Optometry is a health care branch of medical ophthalmology concerned
with the health of the human visual system and related optical instruments /
imaging devices. Modern eye glasses manufacture and prescription require a
high precision measurement of some morphological parameters of the patients
face and their correlation with morphological parameters [1] of the frame that
the patient will wear. The most important are:
• Interpupillary distance (PD) - distance between the projections on
the cornea of the centers of vision for the left and right eye and Half
Pupillary Distances - the distance between the projections and the
correspondent border of the spectacles;
• Frame Bridge - distance between left and right glasses;
• Frame Boxing (height and width) for each lens;
Received by the editors: September 28, 2013.
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• Fitting Height - the distance between the bottom of the lens and the
eye pupil height in the frame as the patient wears the frame;
• Pantoscopic Angle - angle between the spectacle plane and the vertical
plane.
• Vertex - the depth distance between the cornea surface and the spectacles lens surface;
• Frame/Face Wrap Angle - the angle between the vertical plane and
the lens plane in the spectacles;

Modern lenses are complex and accommodate on the same pair of lenses
all types of vision: far, intermediate and near. There is no need to change the
spectacles for different types of activities. The above parameters need to be
measured thus in two variants: far vision (FV) and near vision(NV). In FV
the patient is looking at infinite with the eyes axes of vision parallel. NV is
necessary for measuring the eye behavior in reading position when the gaze
converges near towards the reading material.
The classical tools for measuring the morphological parameters are the
ruler and the pupilmeter (for the interpupillary distance). However these
methods are error prone, so recently several computer aided systems were
developed to provide the required measurement accuracy.
Most of the large lens and eyeglasses producer companies [2, 3, 4, 5],
develop systems that measure the interpupillary distance with errors tolerances
ranging from less than millimeter to a few millimeters.
The measurements are performed on a facial image of the patient. To
convert the pixels from the image to real world scale, these methods make use
of an additional object. This additional object, called support, is placed on
top of the patient‘s eyeglasses rims and is often used as a conversion factor
between pixels and millimeters. The support has some markers/patterns that
can be precisely identified by the operator or, can in some cases be detected
using advanced computer vision algorithms. The real distances between the
markers and their relative positions are precisely known.
The eye center of vision corresponding to the pupil centers need to be
determined with high precision. Most measurement devices producers on the
market usually pick the visible center of the pupil which is not usually accurate
enough. The rest of them are projecting a source of light into the eye and
capture its reflection on the cornea.
To perform a measurement, the patient stands still in front of the measuring device at a distance of approximately 2m for FV and a picture of its upper
body part is taken. Most of the devices have adjustable heights, in order to
accommodate to various patient heights [2, 5].
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The Smart Centration Diamond System from ACEP [2], can also be used
to train the patients, as it can present 3D simulations videos, such as antireflective coating simulation and polarized lenses.
The main disadvantages of these systems are their high cost and the lack
of portability, due to their large size.
Swiss Optical Group developed Automatic PD Scanner [5], a system that
uses 3D technology to accurately measure the interpupillary distance. This
method does not require an extra device to be positioned on the frames of
the patient. Moreover, movements are allowed during the measurement and
it can also be used as an entertaining device, which can play clips for promotional purposes. The manufacturer of the Automatic PD Scanner claim PD
measurement errors of less than 0.25 mm, by using advanced 3D technology,
but the device is expensive and has a large computational time. Due to its
large size, this system can be only used for patients between 130 and 200 cm
tall.
Another disadvantage of this device is that there is no way to determine
whether the pupils were correctly detected. After the measurement is finalized,
the customer only receives a ticket with the measured PD.
Recently, several PD measurement applications were developed for iPad
devices that can precisely measure all the optometric parameters with great
accuracy. This PD measurement tools are more practical, flexible and less
expensive than their counterparts. Moreover, when using a tablet to perform
the measurements, the near vision parameters, such as the reading distance,
of the patient can also be determined: the patient can hold the device in the
same position as when reading a book.
Hoya developed VisuReal portable [4], an iPad application that can accurately measure the pupillary distance. A support object is placed on top of
the patients glasses and picture is take in order to perform the measurements.
The support markers and the pupils are automatically detected by the software. However, for the pupil detection there is no light source projected into
the patient eyes, so the pupils cannot be precisely detected. It also requires a
complicated mirror system to be fitted above the camera. The image processing part and the computation are not done on the device itself but uploaded
to a central server with more processing power, limiting thus the use for the
cases where there is an Internet connection available.
Another portable solution for PD measurement is Activisu‘s iExpert [3],
another iPad application for measuring the optometric parameters. Similar
to VisuReal portable, the measurements are performed on a picture of the
patients that has a support object placed on top of his glasses. This application
requires an additional kit used for projecting a light source into the patient
eyes, in order to produce the corneal reflex.
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There are two applications on Google android market: Pupil Distance
Meter [6] and Pupil Meter [7] that claim computing some of the morphological
parameters. However, none of them had their results validated by a certified
organism or compared to the results of an Optometry certified device. They
both use a cred card to establish the photo scale, method that is inaccurate as
the only case where this method could work is when the cred card is parallel to
the camera plane. The relative positions of the camera plane and card plane
cannot be estimated.

2. Contributions
In this paper we present the mathematical model, the architecture and
implementation details for an Android tablet application that can accurately
measure all of the above optometric parameters needed for far vision and near
vision: the full and half PDs, the fitting height used for lens centering, boxing,
the bridge, height and the reading distance, vertex, etc.
The optometric parameters are determined in a few quick measurement
steps: a support is placed on top of the patient‘s eyeglasses and the optometrist
takes a high resolution picture of the subject with the tablet. The pupil centers
and the support markers are precisely detected by the application. One of
the main advantages of this work is that the optometrist does not need any
additional systems to complete the measurements: the only tools necessary
for the process are an Android tablet and a support object. Our solution
implements all image processing algorithms and computations directly on the
tablet. A major contribution is the optimal implementation of all proposed
computational methods and object detection algorithms so that they can be
run directly on the tablet CPU. The measurement accuracy for the proposed
measurements is under 0.75mm. A measurement with an estimated error
under one mm is considered accurate.
For the pupil detection, we propose an original method for projecting a
source light into the patient’s eyes without using an additional lighting kit: for
the far vision we use the tablet’s embedded flashlight, and for the near vision
we set the screen brightness to a high level while displaying a constant white
pattern during the snapshot.
The remainder of this work is organized as follows: Section 3 presents
the computer vision algorithms used to detected the support markers and the
pupil centers; in Section 4 we discuss the main challenges we encountered
while developing this application. Section 5 presents the computation of the
optometric parameters. In Section 6 we describe the experimental results we
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performed and a comparison between the results obtained using our application and those obtained using a validated device by Essilor Instruments.
Finally, in Section 7 we formulate the conclusions and the future work.
3. Eyes and support markers detection
This section presents the computer vision algorithms employed in order to
detect the support markers and the pupil centers. The support is an object of
known size that is placed on top of the patient eyeglasses and is used in the
measurement process (section 5). This object has 3 white round markers with
a small black point in the middle.
In the rest of this paper the support markers will be named as follows:
support point A is the leftmost marker in screen coordinates, support point
B is the rightmost, and support point C1 is the middle support point, placed
between support point A and B.
To detect the support marker we employed an iterative method: the same
algorithm is applied on binary images obtained by applying various threshold
values to the original color image.
First, the algorithm detects all the white blobs in the binary images based
on geometry constraints. Next, the detected blobs in all binary copies of
the same image are analyzed and repeating blobs are merged together and
their reinforcement index (number of repetitions) is computed. A score is
assigned to each marker based on its brightness level and its reinforcement
index. The support markers A and B are selected from the set of white blobs
based on geometry constraints (the slope of the line determined by these two
points and their area) and on their score (the pair with the maximum score is
chosen).The next step is to select the middle support marker C1, depending
on the previously detected markers. First, the ideal position for this marker
is computed: the center of the segment between support points A and B.
Support marker C1 is selected from the set of detected markers based on
area constrains (its area must be close to the area of support points A and B),
position constraints (its relative position to the ideal determined position for
this marker) and based on its score.
The last step of the support detection algorithm is to determine the black
middle point of the support marker. This is performed by detecting the darkest
pixel near the center of the detected blob.
Eyes are detected using the object detection algorithm proposed by Paul
Viola and Michael Jones [8] in 2001, which can detect a variety of objects
in real time. This method is based on four key concepts: the use of simple
rectangular features, called Haar-like features, a new image representation:
Integral Image for fast feature detection, the Ada Boost algorithm [9] and
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a cascaded classifier in order to filter out features efficiently. We used the
algorithm and the training data (haarcascade mcs eyepair big.xml) provided
by the Open-CV framework.

Algorithm 1 Eye detection algorithm
procedure EyesDetection(image, training data)
Detect all possible eye zones using Viola-Jones algorithm
Eliminate all the regions that do not have a horizontal pair
Split the remaining regions into left/right groups with respect to the
mean center of all the regions
5:
Merge all overlapping regions
6:
Select the best matching group based on the number of eye zones contained and the dimension of the bounding rectangle
7: end procedure

1:
2:
3:
4:

Most of the methods presented in the literature for pupil detection are
based on projecting an IR source of light into the patient‘s eyes, as the human
pupils have a special behavior when illuminated with an IR source [11]. This
method cannot be used on Android devices because the cameras have an IR
filter applied. The pupil centers are determined using morphological operators
and geometric constraints [12].
The Pupil detection algorithm is presented below:

Algorithm 2 Pupil detection algorithm
1:
2:
3:
4:
5:
6:
7:
8:

procedure PupilDetection(image, eye ROI)
Separate the green channel of the image
Determine all the small white reflections: difference between the
grayscale image and its morphological opening
Threshold image using OTSU [10] method
Compute contours and iterate: for each contour compute maximum
intensity pixel and grayscale center of gravity
Filter out false positives based on size and shape constraints
Choose the best matching point by position constraints (relative position to the eyes Region of Interest (ROI) center) and brightness intensity
end procedure
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(a)

(b)

(d)

(c)

(e)

Figure 1. Vision center detection steps. (a) Eye ROI. (b)
Eyes ROI grayscale. (c) Opening. (d) Difference image. (e)
Selected contour
4. Implementation challenges
This section describes the main challenges we encountered along the implementation of the solution. The measurement precision is influenced by several
factors, which are hard to fulfill given the hardware specification of our device.
In the ideal case, for Far Vision the patient should stand in front of the
device at a sufficiently large distance (around 2 m) so that he has a relaxed
position and eyes looking to the infinity.
Most of the Android devices have a wide angle camera, so at this distances
the captured human face that is of interest is very small, while the image
captures a large area around the subject. As applying zooming lenses on
a daily used tablet used is not practically feasible we changed the snapshot
camera to subject distance from 2m to 60 cm. Under 60 cm the measurement
is not feasible anymore as the patients eyes are converging towards near vision
specific positions which are not usable. Even at 60 cm the captured face does
not contain enough details for automatic processing.
The immediate solution we proposed is to use digital zoom, but we noticed
that the quality of the captured image is strongly altered. To overcome this
problem, we use the full resolution of the camera 8Mpix and we render a
zoomed preview in the viewfinder, but we capture the image without any
digital zoom applied. As a result, the zoomed preview does not correspond to
the captured image. To address this issue, the displayed image is cropped from
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the original image based on the same scale transformation as the preview’s
zoom factor and on the layout width/height ratio such that it matches the
preview at the moment of capture [14].
This approach has as additional implication: the detection algorithm is
faster without having to process unnecessary information as parts of the image
not containing the head are removed. All the measurements are performed on
the original cropped image without any zooming applied, which allow us to
obtain accurate results as markers are placed on the real image pixels data
and not on pixels obtained through interpolation.
Another major difficulty is caused by the fact that both the device and
the patient’s head have several degrees of freedom. In the ideal case, for
the measurements to be precise, the patients sagittal plane and the tablets
screen plane should be perpendicular to each other. This is not achievable in
practice as the subject should be left in its most natural head posture which
is different from person to person. Moreover, the operator that handles the
device has its own degrees of liberty in movement and natural positioning.
The relative position of the patient to the tablet camera is hard to determine
in the conditions where the camera orientation is not precisely known or can
vary.
Any tablet/camera inclination on any of its axes, triggers an affine perspective transformation over the captured image [15] making impossible to
compute and reconstruct correct distances and orientations measured on the
captured human face.
In a known referential system the patients head position could be determined by using the support orientation. In order to solve this problem we use
the device gyroscope and accelerometer.
The device orientation is determined as the dot product between the gravitational vector of the accelerometer and the gravitational field pointing downwards along the Z axis, as illustrated in Figure 2.

(1)

0
Gpz
Gp × ( 0 ) = Gpz = |Gp | × cos(p) = q
G2pz + G2py + G2px
1

We refer the reader to [13] for an explanation of the principle and involved
variables. The accelerometer sensor data is filtered in our application (SENSOR DELAY NORMAL [14]) in order to eliminate noisy data that could be
caused by shaking/trembling of the optometrists hands.
In addition, we apply a high pass filter over the computed acceleration
values in order to filter out the noise data:
Considering the following equations, the filtering is realized for α = 0.75,
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Figure 2. Accelerometer axis orientation, after [13]

(2)

xi = xi−1 α + (1 − α)xSensor
yi = yi−1 α + (1 − α)ySensor
zi = zi−1 α + (1 − α)zSensor

The xi , yi , zi in the above equation are the current values of a series of readings from the sensor and proportionally averaged to eliminate noisy readings
and to smooth the transitions.
The device tilt angle is used to accurately determine the pantoscopic angle
and fitting heights by compensating the affine transformations on the image.
Another aspect to take into consideration is the precise determination
of the eyes center of vision. Without dissecting the eye the only practical
approach is to project a flash light into the patients eyes at the moment of
the image capture and get the corneal reflex of the flash. Usually the tablets
are equipped with a camera flash, but the problem is that this flash has an
offset relative to the camera that produces an error margin in the position of
the reflection on the image. To compensate this error, the offset is measured
in mm and applied in the formulas to make the necessary corrections.
Also the near vision (reading vision) situation exhibits the same need for
determining the center of vision. Tablets are not usually fitted with a flash
on the front camera, but as the patient is holding the tablet closer to his
eyes, by maximizing the screen brightness one can get a visible corneal reflex.
Besides this, to simulate a real reading position/behavior for the eye, a red
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dot with some text is placed right under the camera so that the patients eyes
look towards the camera in the reading position.
5. Morphological measurements
This section we highlight the contributions related to eye convergence,
scaling, image rotation, pupillary distance, horizontal rotation angle of the
head, vertical head inclination (pantoscopic angle).
Figure 3 represents an abstract schema of the measurement process, which
takes place in the following manner: The patient (subject) stands in vertical
position, the optician is placed in front of the patient at a distance of approximately 60 cm, holding the mobile device in vertical position at the subjects
eye level.

Figure 3. Model of the measurement environment (tablet and patient)
The system participating in the measurement has the following degrees of
freedom in vertical plane:
•
•
•
•
•

rotation around axis A: head rotation on the neck
eyeballs rotation around their centers B (C pupils centers)
device swivel back and forth
device movement up and downwards
device movement left and right (distance between device and customer
may change)
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The eye B is looking at device with the pupil C. The visible height F is
photographed by the device camera. The goal of measurement is to find the
fitting height G.
In horizontal plane, the cinematic schema is arranged similarly. The goal
of measurement is to find lens centering right and left PDs and bridge.
The support (the additional object placed on top of the frames) is used as
the measure of scale to convert pixels to millimeters. In order to precisely measure the optometric parameters, we also took into account that the distance
in the image between the support markers (as well as the scale computations)
are affected by the head orientation.
The first step in the measurement process is to rotate the image such
that the line determined by the support markers A and B is parallel to the
horizontal axis. In order to achieve this, the rotation angle is computed using
the following formula inferred from the sine theorem:

(3)

θ = arcsin( p

ySupB − ySupA
p
)
(xSupB − xSupA)2 + (ySupB − ySupA)2

Next, the image and all the markers are rotated around the image center with this angle. For each pixel the following transformation is applied,
obtaining its new position:

(4)

(

cos θ − sin θ
x0
x0rotated
)=(
)×( 0 )
0
sin θ cos θ
y
yrotated

From now on, the rotated coordinates of the markers will be used in all
the formulas.
The first parameter computed from the picture is the horizontal rotation
angle of the head. For the beginning, a rough approximation of this angle is
computed, followed by a refinement, to obtain a more precise value. The real
value of the rotation angle of the head cannot be analytically expressed with
information from a single image. It can be numerically approximated though,
to a predefined error ratio.
The formula for the initial approximation is computed as follows:

(5)

δ = arctan(

[(xSupB + ySupA)/2 − xSupC] ∗ AC
)
[(xSupB + ySupA)/2 − ySupC] ∗ CC 0

Where xSupA, xSupB are the x coordinates for support markers A, B.
CC is support cone (prominence) length. AC is the distance between support
markers A and C.
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Using this approximation and additional camera related parameter K, it
is possible to obtain a more accurate approximation of the angle. The value
of the parameter K is determined using a calibration process, where several
pictures of the support are taken at certain distances.
To refine the head horizontal turning angle a sequential choice method is
employed, substituting into the derived expressions horizontal head turning
angle received as a result of the approximate algorithm and varying it into
higher or lower direction with 0, 0005 radian increments.

Figure 4. The coordinates of the projections on X axis relative to camera view

δ
xRSP = − Dist+AC∗cos
Dist+AC∗sin δ
0
∗cos δ
xLSP = − Dist+AC
Dist+AC 0 ∗sin δ
0
∗cos δ
xCSP = − Dist+CC
Dist+CC 0 ∗sin δ

(6)

Where RSP , LSP , CSP are the projections of the marker points A, B
and C on Ox axis.
The imaging distance Dist (which is also named reading distance for a
near distance vision measurement), is determined by the quadratic equation
resolution algorithm:

(7)

Dist =
where

−B ±

√

B 2 − 4AC
,
2A
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(8)

A = K times(xLSP − xRSP )
B = −2 × AC × cosα
C = −K × (xLSP − xRSP ) × AC 2 × sin α
And the final value for the refined head horizontal rotation angle:

(9) δ‘ =

CC‘ × cos δ × sin δ
AC × cos δ
+
− K × (xLSP − xCSP )
Dist − AC × sin δ Dist − CC‘ × (cos δ)2

Finally, when the patient’s head is inclined backward or forward, the fitting
heights need to be corrected in order to obtain an accurate value.
To do this, the pantoscopic angle (the head vertical inclination) is determined using the following formula:
(10)

y = ∆ + DeviceAngle + CameraV A

Where ∆ is the angle between the frontal plane and the camera plane
determined using the vector rotation rules of the coordinates of the center
support point(CS1, CS2), by the formula:
(11)

∆ = arctan(

yCS2 × xCS1 − xCS1 × yCS1
)
xCS2 × xCS1 + yCS2 × yCS1

The angle of the device (DeviceAngle) is computed using the information
from the sensors of the device (accelerometer) (as presented in Section 4).
CameraV A represents the device camera viewing angle, i.e. the angle
between the camera and the device. For most of the devices this angle would
be equal to zero, but there are some cases when this angle is nonzero.
The pupillary distance is computed as shown in Equation 12.
(12)

Lef tP D = xLef tEye − xCenterSup
RightP D = xCenterSup − xRightEye,

where xLef tEye is the x coordinate of the left eye, xRightEye is the
x coordinate of the right eye, xCenterSup is the x coordinate of the center
support marker.
In the ideal case, for far distance vision, the eyes must be looking in parallel
to infinity. However, in our case, the patient looks at the Android tablet from a
finite distance and, as a consequence, it is necessary to apply some corrections
to the measured values of the pupillary distances, taking into account the
computed angles of rotation of the head, the angle of the device and the angle
of rotation of the image.
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Figure 5. Pantoscopic angle relative to horizon

Lef tP D0 =

Lef tP D
cos α

(13)
RightP D0 =

RightP D
cos α

These formulas are applied successively for each angle that influences the
measured value.
However, this is a rough approximation of the pupillary distance. A more
realistic correction uses the vertex distance and eyeball size. But since the
exact values of Vertex Distance and eyeball size are unknown at this point,
the following assumptions are used, which represent the average values for a
human eye:V ertexDistance = 14 mm and EyeRadius = 12,5 mm.
Then a new refinement of the final value for the pupillary distance can be
applied after the previous one, using the formulas:

(14)

adjust = (V ertexDistance + EyeRadius) × tan α
Lef tP D0 = Lef tP D + adjust
RightP D0 = RightP D + adjust
6. Experimental results

In this section we present the experimental results of our feature detection
algorithms and of the measurement process.
We tested our detection algorithms on several databases, with over 2000
facial images. The images were captured in real life conditions (in optician
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stores) by an ACEP Smart Mirror System [2]. In table 1 we present the
detection rates of the algorithms on a set of 100 facial images.
Detected False positives Not detected
Eye detection
98%
0%
2%
Pupil detection
90%
8%
2%
Support detection
95%
3%
2%
Table 1. Algorithms detection rate

Figure 6 shows the results of pupil and support markers detection, and
Figure 7 presents some failure cases.

(a)

(b)

(c)

Figure 6. Pupil and markers detection results in various conditions.

(a)

(b)

(c)

Figure 7. Some failure cases. (a) Failure to detect the eyes;
(b)Failure to detect the pupils; (c) Failure to detect the support
markers
The support detection rate is very high: 98%. However, there were 2
cases where support point C1 (the middle support marker) was not detected;
because a source of light is projected into the patient’s eyes in order to detect
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the pupil centers, the area surrounding this support marker is overexposed, so
the white blob cannot be detected.
The eye region was not detected in two images, where the lenses of the
eyeglasses contained multiple reflections. The pupil detection doesn’t yield
accurate results when there are multiple reflections on the surface of the eyeglasses lens. This is because we perform pupil detection based only on edge
information and geometrical constraints.

Ipad

Error

Android

Ipad

Error

Android

Ipad

Error

Measurement 4

Android

Measurement 3

Error

Measurement 2

Ipad

left PD
right PD
left height
right height
lens width
lens height
bridge
pantoscopic
angle

Measurement 1
Android

Far Vision

31.76
33.74
23.44
22.91
46.73
36.99
18.36
-6.84

31.7
32.6
24.3
24.3
49.6
36.3
17.8
-3.3

0.06
1.14
0.86
1.39
2.87
0.69
0.56
3.54

32.96
34.26
20.83
20.19
46.68
35.5
18.55
-3.67

32.6
34
21.5
20.8
47
35.5
17.8
-0.4

0.36
0.26
0.67
0.61
0.32
0
0.75
3.27

32.24
34.08
20.95
21.76
47.43
37.79
18.28
-11.23

30.6
33.3
21.7
22.5
47.3
36.8
18
-7.9

0.64
0.78
0.75
0.74
0.13
0.99
0.28
3.33

32.78
35.01
20.9
20.68
46.45
35.75
18.5
-0.87

32.5
34.2
22.4
21.8
46.5
35.4
18.1
3.9

0.28
0.81
1.5
1.12
0.05
0.35
0.4
4.77

Table 2. Measurement comparison for Far Vision

Next, we present the results of our measurement process. We compared
our results with a validated iPad measurement application from ACEP [2].
For the testing procedure, we asked the subject to stay still while two
alternative pictures were taken: one with the iPad and one with an Android
tablet. The person taking the picture maintained the same relative position
to the subject.
We tested our system on more than 30 measurements of people wearing
different types of glasses. Next we present the four most different results we
obtained after the measurement process. Table 2 shows the measurements
comparisons for far vision and table 3 shows the measurements comparisons
for near vision.

Figure 8 and Figure 9 graphically show the variations of the half interpupillary distances, measured with an Android tablet and an iPad device.
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29.57
30.75
29.29

29.5
30
26.5

0.07
0.75
2.79

29.28
31.71
28.47

29.3
31
26.4

0.02
0.71
2.07

28.01
30.89
27.23

29.3
30.2
26.6

1.29
0.69
0.63

30.15
31.1
30.12

29.4
30.7
26.6

0.75
0.4
3.52

13.94
13.73
18.39

15.8
15.3
18.4

1.86
1.57
0.01

11.38
10.25
17.77

8.9
8.3
17.9

2.48
1.95
0.13

15.33
15.84
18.06

14.7
15.2
18.5

0.63
0.64
0.44

10.98
10.77
17.77

10.1
9.9
18.1

0.88
0.87
0.33

Table 3. Measurement comparison for Near Vision

Figure 8. Variation (mm) of the left PD in different measurements between the validated device and our software
7. Conclusions and future work
In this paper we proposed an original solution for one of the current problems in modern optometry/ophthalmology. The precise measurement of morphological spectacles properties, human face morphological characteristics and
their correlation is achieved in our case by implementing a pervasive optometric application.
In the proposed solution we use high definition images captured with tablet
cameras in order to capture patients most natural position when relaxed (FV )
or reading (NV ). The images are processed with our detection algorithms that
are able to run directly on the tablets limited CPU.
Our computation methods are robust enough to compensate the liberty
degrees of movement of both operator (tablet) and patient. The patients’ eye
convergence in FV is compensated so that the outcome result is as close to

MOBILE IMPROVEMENT TO CLASSIC OPTICAL MEASUREMENTS

119

Figure 9. Variation (mm) of the right PD in different measurements between the validated device and our software
as possible to a gaze to infinity position. There is no need for any additional
system in order to achieve a full centration process.
We developed robust marker and eye detection methods with high detection ratios even for images in varying lighting conditions. The measurement
results variation, compared with results of existing large scale (fixed) measurement devices, is less than 1 mm.
As a future work we plan to develop a more robust algorithm for pupil detection, which does not yield false positives when there are multiple reflections
on the surface of the eyeglasses‘ lens. Another plan is to use two facial images
of the patient in order to accurately determine depth related morphological
parameters, such as the vertex distance and the wrap angle.
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